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x FORMATION OF OOSPORES BY RERONOSPORA DESTRUCTOR 


AND THEIR POSSIBLE RELATION TO EPIPHYTOLOGY  _ 


79672 


S. Z. Berry and G. N, Davis! 
Abstract 


Oospore formation by the downy mildew fungus, Peronospora destructor 
(Berk. ) Casp., of onion was found to occur in diseased sporulating and non- 
sporulating plants. Studies were made of the relation of the conditions of 
host, pathogen, and environment to the occurrence of oospores, The ger- 
mination in situ of spores closely resembling weathered P. destructor 
oospores ‘was observed by the use of celloidin strippings. These viable 
spores are indicated as possibly having important implications as an 
explanation of the source of primary inoculum in Davis, California as well 
as in similar areas where onions are grown. 


Introduction 


The function of oospores in the life cycle of Peronospora destructor (Berk.) Casp. and 
the conditions conducive to their development have received attention by workers studying this 
pathogen. However, the production of oospores has been so unpredictable that they have been 
considered of questionable importance as a source of primary inoculum. Jones (5) reported 
infection from soil in an experiment in which the mixing of oospore infested onion refuse into 
the soil of a greenhouse bench in December was followed by the appearance in April of mildew 
on plants growing in the infested soil while the mildew was absent on onions growing in clean 
soil, Murphy and McKay (7) reported negative results in field experiments with oospore- 
containing onion refuse, but in similar subsequent experiments they could not trace outbreaks 
of the disease to any source other than the contaminated soil (8). During this period Hiura 
(3) presented evidence, based on inoculation experiments, that oospores are capable of 
initiating infection, Murphy and McKay (8) reported the first observation of the germination 
of oospores of P, destructor, McKay (6) studied the germination of oospores weathered for 
different numbers of years. 

This evidence helped corroborate the belief that oospores are a source of primary inocu- 
lum, However, a problem in need of elucidation is the manner by which oospores initiate 
infection, This report contributes to the understanding of this problem and presents additional 
evidence on the relation of environment to oospore formation, 


Observations on Conditions Conducive to Oospore Formation 


Diseased plants growing in bofh the field and the greenhouse were studied. The forma- 
tion of oospores was detected by microscopic examination of freehand sections of tissue 
cleared and stained in hot 0.05% cotton blue in lactophenol (Fig. 2), When present the 
oospores were readily recognized by their yellowish-brown wrinkled appearance, a character- 
istic feature produced by the remains of the oogonium. The oospore wall itself is smooth and 
colorless (Fig. 2). 

During the 3-year period of this study oospores were found only in infected plants in the 
cool greenhouse with temperatures of 55° F night and 75° day during April and May, They 
occurred in the foliage and seedstalks in infected plants of both highly resistant and suscepti- 
ble varieties (1). At no other time than during this spring period was oospore formation 
detected in the greenhouse. It is also to be noted that not at any time during the 3 years were 
oospores found to develop in the field in infected foliage or seedstalks at Davis, or Milpitas, 
California, 

The observations of Murphy and McKay (7) and McKay (6) pointed to sporangiospore and 
oospore production as antagonistic processes, indicating that when conditions are conducive 
to sporangiospore production the nutrient reserves of the fungus are depleted and no oospore 


1 Respectively, Graduate Research Assistant and Professor, Department of Vegetable Crops, 
University of California, Davis. The suggestions of Dr, L. D. Leach, Department of Plant 
Pathology, University of California, are gratefully acknowledged. 
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FIGURE 1. Cross section of an onion seedstalk produced 
in the cool greenhouse showing two oospores of P, destructor 
in the area of the mesophyll and palisade parenchyma (X75). 

FIGURE 2. Oospores of P. destructor teased out of the 
onion seedstalk shown in Fig, 1. The wrinkled oogonia are 
distinguishable from the thick smooth wall of the spore itself 
(X525), 


FIGURE 3. Non-germinating oospore in situ found on the 
celloidin stripping close to those illustrated in Fig. 4 and 5, 
and incubated for 4 hours at 100 percent relative humidity and 
a temperature of 10° C, as were also the spores shown in Fig. 
4 and 5, Note small oil globules and thickened wall (X270). 

FIGURE 4. An oospore "a" shown germinating in the 
area of the oospore "'b'' which is also illustrated in Fig. 5. 
Each has produced a germ tube (X150). 

FIGURE 5. A germinating oospore, "'b" in Fig. 4, with 
a stout germ tube. Note small oil globules and thickened wall 
(X345). 
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production takes place. This observation was used to explain the infrequency of oospores in 
Ireland, where environmental conditions are conducive to sporangiospore production during 
10 to 11 months of the year, In the present study oospores were found occasionally in dis- 
eased sporulating and non-sporulating plants. However, when heavily infected plants were 
kept in the greenhouse and prevented from sporulating by the low humidities, there was no 
oospore formation except during the spring. Further evidence not reconcilable with a theory 
based on the balance between asexual and sexual spore production is the report in California 
of oospore formation during certain periods (4) and its complete absence in the field at other 
times, such as in this study. This was the case in spite of the fact that during the onion- 
growing season in the field it was only during short periods in the spring that conditions were 
conducive to sporangiospore formation, 

To determine the importance of cool temperatures in the production of oospores under 
more controlled conditions the following test was set up. In April of 1955 and 1956 plants 
with infected foliage and seedstalks were placed in the cool greenhouse and another similar 
group of plants in a chamber with the same night and day temperatures of 55° and 75° F 
respectively. Light for the day temperature conditions was supplied by a battery of nine 1000- 
Watt incandescent lights arranged above a glass tray over which a stream of cold water was 
run, Oospores developed in the plants in the cool greenhouse, while in the cool growth cham- 
ber, in spite of prolific vegetative fungus development in infected plants, no oospores were 
produced, Thus, in this study it was found that such factors as whether the plants had sporu- 
lated or not as well as temperature conditions were not acting as limiting factors in oospore 
formation, However, in the 55°-75° greenhouse in Davis some other condition such as light 
might determine oospore development; or, perhaps, it was influenced by light acting with 
some factor or factors that were lacking in the field, such as particular stage of fungus growth 
or of plant development, or relative humidity or temperature. 


The Germination in situ of Spores Closely Resembling Weathered 
Peronospora destructor Oospores, Found on Onion Foliage in the Field 


If oospores serve as primary inoculum it can be assumed either that onion leaves touch 
the soil surface containing viable oospores or that weathered oospores from the soil are 
splashed or blown onto leaves where germination may take place, The possibility of oospores 
on onion foliage as primary inoculum in the field during the spring was studied by collecting 
leaves from the field, lightly spraying them with water and incubating them for 4 hours ina 
moisture chamber. Celloidin strippings (2) from the leaf surfaces were then stained in 0, 05% 
lactophenol and examined microscopically. By this method in one instance three oospores 
were found grouped together on an area of a leaf, Particles of soil around the three spores 
indicated that they had weathered in the soil and, since the leaf on which they were found was 
not touching the soil, had been blown or splashed onto the leaf. The stripping was made 4 
hours after the leaves were sprayed with water and incubated in a moisture chamber with a 
relative humidity of 100 percent and a temperature of 10° C, Two of the oospores had ger- 
minated, producing stout germ tubes, Figures 3, 4, and 5 show the oospores in situ as they 
appeared on celloidin strippings. The three spores each measured about 25 yu in diameter and 
in general fit the description given by McKay (6) in Ireland of weathered P. destructor 
oospores, several years old, which were capable of germination in the laboratory on artificial 
media, He found that weathered oospores were usually smooth, having been freed of the 
wrinkled oogonial remnant by its decomposition. Considerable variation in oospore diameter 
was recorded, the limits varying from 17 yu to 37 uw. In some material the majority measured 
28 uw while numerous others measured 25 u4. The marked internal changes that he found con- 
sisted of the disappearance of the large oil drops characteristic of fresh spores. With the 
aging of the spore these drops became divided into minute droplets distributed throughout the 
oospore, giving the contents a finely granular or even a homogenous appearance, Along with 
these changes there was a gradual reduction in thickness of the spore wall. 

The three spores found in this study fit McKay's (6) description of weathered P. destructor 
oospores in that they had thick walls, measured 25 yw in diameter, contained many small to 
minute oil droplets, were free of the wrinkled oogonial remnant, and germinated with a stout 
germ tube, If the spores shown in Figs. 3, 4 and 5 are onion mildew oospores, this is the 
first report of the successful germination of such oospores in the United States and the first 
observation in situ of onion mildew oospores, produced and weathered under natural conditions, 
germinating on onion foliage, This finding may help explain the enigma of the frequent ap- 
pearance of mildew on onions in Davis, California when the possibility of initiation of such 
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primary infection by means of systemically infected bulbs is prevented; and it may also have 
important implications when considered in relation to other similar areas where onions are 
grown, 
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¥ FORECASTING DOWNY MILDEW OF LIMA BEAN ¥ 


R. A. Hyre 


A method has been developed for forecasting downy mildew of lima 
bean (due to Phytophthora phaseoli) from rainfall and temperature data. 
Initial appearance of downy mildew is forecast after about 8 consecutive 
downy mildew-favorable days, and continuing downy mildew-favorable 
weather, A day is considered favorable for downy mildew when a 5-day 
moving mean temperature, ending that day, is less than 79° F, with 
the minimum temperature 45° F, or above; and a 10-day total rainfall, 
ending that day, of 1.2 inches, or more, 


INTRODUCTION 


Downy mildew of lima bean, due to Phytophthora phaseoli, has become a threat in the 
past decade to the extensive lima bean industry in southern New Jersey, Delaware, and the 
Eastern Shore of Maryland. Previously, this disease had ruined a large, prosperous lima 
bean industry in eastern central New Jersey. To avoid, if possible, a repetition of this 
disaster, a downy mildew conference was held at the Seabrook Farming Corporation in New 
Jersey on September 27, 1948, to formulate plans for combating this disease. Present at this 
conference were representatives of the United States Department of Agriculture, the University 
of Delaware, Rutgers University, and the Seabrook Farming Corporation. Included in the 
plans for controlling downy mildew was one for developing a method of forecasting the disease 
so as to warn processors and growers of its imminent occurrence. This paper reports the 
development of such a method, 

The downy mildew records used were those of the Seabrook Farming Corporation! for 
the years 1946-1956, inclusive. They contained dates of the first observation of downy mildew 
as well as the estimated severity of the disease for the season. The weather data employed 
were taken from United States Weather Bureau Climatological Data for Bridgeton, New Jersey. 

Of primary concern in the forecasting system was the development of an accurate method 
for predicting the initial outbreak of the disease as well as its subsequent development, To 
predict an initial outbreak, the climatological conditions must be found which will allow the 
fungus to develop through several life cycles from the overwintering form (2) so that sufficient 
inoculum is produced for an outbreak of the disease if the weather continues favorable for in- 
fection. Once the disease is present, shorter periods of favorable weather would allow the 
causal organism to spread, resulting in more extensive development of downy mildew, 

Since lima beans are not sprayed or dusted on a regular schedule for disease control, an 
accurate method of forecasting downy mildew is particularly desirable for timing fungicide ap- 
plications as needed, 


METHODS 


Rainfall and temperature data, alone and in various combinations for various time 
periods, were related to the observed occurrence of downy mildew to determine the correla- 
tion, if any, For downy mildew to have occurred it was found that both rainfall and tempera- 
ture must have been favorable for the disease simultaneously, A method of forecasting downy 
mildew was developed a few years ago from this same data and has been used successfully for 
this disease, as well as forming the basis for forecasting late blight of potato (4,5). In the 
method as originally developed a moving 7-day mean temperature was employed, but, as 
noted by E. L. Felix (3), a 5-day mean is easier to calculate since it is necessary only to add 
the ten figures (maximum and minimum temperature figures for each of the 5 days), and point 
off the sum, Accordingly, a comparison was made of the two means and the 5-day mean 
proved to be as accurate as the 7-day mean and so has been adopted. Thus, in the present 
Study, temperature was considered favorable for downy mildew when the 5-day moving mean 
was less than 79° F, except that any day was considered unfavorable if the minimum tempera- 


1 The writer wishes to express his appreciation to the Seabrook Farming Corporation for the use of 
their downy mildew data, 
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The following illustration shows how weather data were analyzed, using some 1949 
rainfall and temperature data for Bridgeton: 


Temperature (°F) Rainfall (inches) 
Date Maximum Minimum 5-day mean Daily 10-day total 
July 23 93 77 
24 89 65 
25 95 67 
26 92 73 
27 96 74 82.1 
28 99 77 82.7 
29 97 78 84.8 
30 97 70 85.3 
31 82 71 84.1 0.48 
Aug. 1 80 72 82.3 0,48 
2 85 66 79.8 | 
3 90 74 78.7 tr. 
4 87 75 78.2 0.66 1,14 
5 81 73 78.3 0.64 1,78 
6 86 67 78.4 
7 87 65 78.5 
8 90 69 78,0 
9 92 72 78.2 
10 95 74 | 1.30 
it 96 74 81.4 | 


ture was less than 45° F (1), Rainfall was considered favorable, in both the original and 
present study, when a 10-day total was 1. 2 inches or more, 

On August 1-2 neither temperature nor rainfall was favorable for downy mildew, on 
August 3-4 temperature only was favorable, on August 5-9 both were favorable, and on 
August 10-11 rainfall only was favorable. 

The initial appearance of downy mildew would have been forecast after about 8 consecu- 
tive days of both temperature and rainfall favorable for disease development, and a weather 
forecast at that time of continuing favorable weather, The disease, then, would have been 
expected to be present within about 2 weeks following the forecast. A period of hot, dry 
weather soon after a forecast may nullify that forecast. 


RESULTS 


In Figure 1 are shown: 1) rainfall and temperature data for Bridgeton, New Jersey, 
analyzed for forecasting downy mildew; 2) the dates of first recorded occurrence of downy 
mildew at the Seabrook Farming Corporation; and, 3) the estimated severity of the disease 
for the season, It is seen, from Figure 1, that downy mildew might have been successfully 
forecast by means of the method outlined. Generally, a downy mildew-favorable period of 
about 8 consecutive days occurred within a week or two of the first observation of the disease. 
In 1946, the date downy mildew was first observed is unknown. No downy mildew occurred in 
1947, nor did a favorable period occur, In 1953 a period of hot weather cancelled the first 
favorable period of 8 days, but the disease was observed 11 days after the end of a second 
favorable period. In 1956 downy mildew was observed on the eighth day of the first favorable 
period, In the other years, downy mildew was first observed about when it was expected. 

There is good correlation, too, of estimated severity of the disease for the season with 
downy mildew-favorable periods, perhaps better than is indicated in Figure 1. For instance 
downy mildew was much more severe in 1956 than it was in 1955, even though in Figure 1 
the disease is listed as being "severe" in both years. Correspondingly, more downy mildew 
would have been forecast for 1956 than for 1955. 
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JULY AUGUST SEPTEMBER MILDEW 
YEAR 10 20 30 9 19 29 8 18 2 RECORD 
l l l l l 
1946 SEVERE 
1947 NONE 
1948 SEVERE 
1949 LIGHT 
SEVERE 
1951 SEVERE 
19s : = SEVERE 
ES) TEMPERATURE FAVORABLE mm RAINFALL FAVORABLE 
BOTH FAVORABLE NEITHER FAVORABLE 


4 DATE OF FIRST OBSERVATION OF BLIGHT 


FIGURE 1. Summary of temperature and rainfall data 
for Bridgeton, New Jersey, in relation to the importance 
of downy mildew of lima bean, 
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EFFECTS OF VIRUSES ON OVERWINTERING 
OF RED CLOVER IN MINNESOTA! - 


Nagayoshi Oshima and M. F. Kernkamp2 


Red clover, although botanically a perennial, behaves as a biennial in fields in Minnesota. 
It is planted in the spring, cropped the second year, and usually suffers 100 percent kill some- 
time between fall and spring of the second winter. No doubt many factors influence the death 
of the crop, but observations indicated that virus infections contributed substantially to failure 
of red clover to survive for longer periods of time. Tests were made, therefore, to determine 
the effects of virus infections on the life span of red clover, 

Three viruses, namely pea streak, pea mosaic, and pea stunt viruses, were isolated from 
infected red clover plants and identified in peas. They were maintained in pure culture in an 
Early Perfection type pea variety. 

In the spring of 1954 a nursery of Midland red clover was planted, and after the plants 
emerged the nursery was divided into rod row plots and each plot was thinned to approximately 
35 plants, Later the nursery was arranged in four replicated blocks of five rod rows each, 

In July, four rod rows were inoculated with pea streak, pea mosaic, pea stunt, and a mixture 
of the three viruses, respectively, and the fifth row without inoculum served as a control, 

During the entire summer the nursery was sprayed with Malathion to control aphids, in 
order to prevent transmission of the viruses from plot to plot and particularly from the con- 
trols, This failed, however, and the entire nursery including the controls became infected, 
Late in October, 1954, from 24 to 81 percent of the plants in all of the plots were infected. 

Obviously no comparisons could be made between inoculated and non-inoculated plots, but 
the survival of this nursery through the winter of 1954-55 was compared with similar nurseries 
and other red clover plantings in the immediate area, In April, 1955, fewer than 1 percent of 
the plants in the contaminated nursery were alive, whereas there was virtually 100 percent 
survival in a similar nursery less than 200 yards away, The latter was not exposed to viruses, 
Likewise there was excellent survival in other plantings and in farmers' fields within the 
vicinity of St. Paul. These results, although not conclusive, indicate clearly that the severe 
virus infection in the particular nursery was responsible for its demise, 

Since the test of 1954-55 was a failure from the standpoint of strict scientific experimental 
standards, a similar test was started in the summer of 1955, The same procedures were 
followed and by more judicious application of Malathion the control plots were kept relatively 
free of virus infection. 

In the fall of 1955 percentage of virus infection was recorded, in the spring of 1956 survi- 
val was recorded, and in the summer of 1956 yield data were recorded, It had been suggested 
that virus infections may predispose plants to root rot, therefore, the plants were lifted and 
notes were recorded on the incidence of root rot in the plots. 

The differences in percentage of virus infection between inoculated plots and the control 
were statistically significant in each instance. Winter killing in the inoculated plots was much 
greater than in the check, being statistically significant for all treatments except inoculation 
with pea stunt virus, Yields were reduced in each case, although the difference was significant 
at the 5 percent level only for the mean of plots inoculated with the mixture of the viruses, 
There was no appreciable difference in the amount of root rot in any of the treatments. 

These results support the observation that virus infections predispose red clover to winter 
killing in Minnesota, and add evidence that yields are reduced, Ifthe results of the 1954-55 test 
can be considered with any degree of validity it is apparent that yield was reduced by 100 per- 
cent, This contention is supported by observations in some breeding nurseries where 100 per- 
cent of clones infected with viruses in the fall were entirely gone the following spring. Ob- 
viously a 100 percent loss of yield would have been sustained in those instances, 

The writers also suggest that these results support the hypothesis that viruses play a part 
in reducing the longevity of red clover and prevent it from behaving as a perennial. This in 
turn suggests that improved varieties of red clover, with resistance to virus diseases, should 
approach more nearly their normal perennial habit rather than behave as biennials as current 
varieties do. 


1 Paper No. 3694, Scientific Journal Series. Minnesota Agricultural Experiment Station, St. Paul. 
2 Research Assistant, Plant Pathology and Botany, and Assistant Director, Minnesota Agricul- 
tural Experiment Station, respectively. 
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‘ THE BEHAVIOR OF SOME STONE FRUIT VIRUS ISOLATES IN 
CUCUMBER AND A NEW DIFFERENTIAL CUCURBIT HOST FOR 
A STONE FRUIT VIRUS! 2 


R. M. Gilmer 
SUMMARY 


The development of Type A or Type B syndromes or a mixture of the 
two syndromes in cucumber seedlings infected with 45 stone fruit virus isolates 
could not be correlated with virus content as indicated by 4 determinative 
Prunus hosts, The causal viruses of the two syndromes could not be separated 
in mixtures by selective serial transfer in cucumber seedlings, by differential 
thermal inactivation, by changes in pH of juice inocula, or by treatment of juice 
inocula with salts of various heavy metals, 

Cocozelle squash seedlings were rapid indexing hosts that detected a virus 
latent in Montmorency sour cherry. This virus caused a vein clearing and 
prominent vein-banding in infected Cocozelle seedlings within 18 days or less 
following mechanical inoculation of the cotyledons, Although the virus has 
not been conclusively identified, the data and symptoms suggest that it is 
probably line pattern virus (Marmor lineopictum Cation), The virus also in- 
fected cucumber seedlings but could not be distinguished on the basis of 
symptoms from other stone fruit viruses infecting cucumber seedlings. 


INTRODUCTION 


Since the demonstration of cucumber (Cucumis sativus L.) as an indicator host in stone 
fruit virus research (1, 3), the use of this plant as an assay and indexing host has been wide- 
spread. Fulton (2) found that at least two distinct viruses from stone fruits were able to 
infect cucumber, but the identity of either has not been established, Willison and Weintraub 
(4) distinguished two syndromes, Type A and Type B, in cucumber seedlings inoculated with 
stone fruit isolates G.1 and T,2, Their Type A syndrome was characterized by dwarfing of 
the infected seedlings and a very dark foliage color with little chlorotic marking. The Type 
B syndrome was characterized by paler green foliage with abundant chlorotic markings and 
ring patterns, Although Willison and Weintraub were unable to separate the causal agents of 
these syndromes by dilution or differential thermal inactivation in cucumber juice inocula, 
the two agents possessed different host ranges, indicating that they were distinct, Correlation 
of type of cucumber syndrome with the virus complex present in the stone fruits from which 
the original transmissions to cucumber seedlings were made was apparently not attempted. 


EXPERIMENTATION AND RESULTS 


In the course of studies with 126 stone fruit virus isolates from widely dispersed sources, 
all were mechanically transmitted to cucumber seedlings (variety National Pickling) by 
cotyledonary inoculations with peach foliage extracts, Forty-five of these isolates (44 origi- 
nating in stone fruits and 1 originating in rose) were studied for the production of Type A and 
Type B syndromes in cucumber seedlings through three serial transfers from cucumber to 
cucumber, 

Seven isolates incited only Type A syndromes (Fig. 1), 13 is7lates incited only Type B 
syndromes (Figs. 2, 3), while the remaining 25 isolates, including that originating in rose, 
incited both Type A and Type B syndromes, Usually, the last-named group of isolates 
initially incited Type B syndromes in cucumber seedlings to which the first transfer from 
peach was made, but the Type A syndrome appeared following the second or third serial trans- 
fer incucumber. A few of the Type B isolates were initially highly virulent in the first trans- 
fer from peach to cucumber (Fig. 4), but became less virulent after successive serial trans- 
fers in cucumber. 

No correlation between the type of syndrome produced in cucumber and the known virus 
content in peach was obtained, The individual isolates were assayed in a Prunus host range 


1 Approved by the Director as Journal Paper No, 1054, New York State Agricultural Experiment 
Station, Geneva, New York, 
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FIGURE 1. Type A syndrome in cucumber seedlings 
inoculated with isolate B1RgT 1, 41 days after inoculation, 


FIGURE 2. Type B syndrome in cucumber seedlings 
inoculated with isolate B7/8-1, 11 days after inoculation, 


= 
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FIGURE 3. Type B syndrome in cucumber seedling inoculated 
with isolate B7/8-1, 28 days after inoculation, Compare with 
Figure 1, 


FIGURE 4, Initial transfers from peach to cucumber 
of isolates B7/8-1 and CR 3-5, 9 days after inoculation. 


Non-inoculated controls on left. 
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FIGURE 5, The vein-banding syndrome in Cocozelle seedlings 
inoculated with isolate RS-37, 17 days after inoculation. Non- 
inoculated control at A, 


comprised of Montmorency sour cherry, Albion plum, Shiro plum, and Shirofugen flowering 
cherry. Two isolates containing only necrotic ring spot virus (NRSV) incited only Type B 
syndromes in cucumber seedlings, but two other isolates containing prune dwarf virus (PDV) 
and NRSV also incited only Type A syndromes in cucumber seedlings. Various virus mix- 
tures containing NRSV, a recurrent strain of this virus (RNRSV), sour cherry yellows virus 
(SCYV), green ring mottle virus (GRMV), and PDV in various combinations incited Type A or 
Type B syndromes or mixtures of the two syndromes in cucumber seedlings apparently at 
random, 

Attempts to separate the causal viruses of the two syndromes from mixtures were un- 
successful, either by repeated selective transfer in cucumber, by differential thermal 
inactivation of cucumber juice inocula, by varying the pH of juice inocula through the range 
pH 3, 8-11.0, or by treatment of juice inocula with salts of various heavy metals in a 1:1 
dilution with 0,1 and 0,01 M solutions, The data may be summarized briefly as follows: 
Both causal agents were inactivated by temperatures of 55° -60° C (10-minute exposure) in 
cucumber and in peach juice inocula, Both were irreversibly inactivated below pH 3. 8 and 
at pH 11.0 in citrate-phosphate and phosphate buffers. Both were inactivated by 0.1 but not 
by 0.01 M solutions of silver nitrate, mercuric chloride, ferric sulfate, copper sulfate, and 
cobalt nitrate. Infectivity of either was not appreciably altered (1:1 dilutions) by 0.1 M solu- 
tions of sodium chloride, potassium ferrocyanide, or potassium thiocyanate, 

Transmission of the causal agents of the two types of syndrome, both individually and in 
mixture, was then attempted to other cucurbits than cucumber. A total of 10 isolates was 
included, 2 of which caused syndrome Type A in cucumber seedlings, 2 of which caused 
syndrome Type B, and 6 of which produced both Type A and Type B syndromes. 

Pumpkin (Cucurbita pepo L., variety Sugar) responded to cotyledonary inoculation with 
all isolates with local lesions on the inoculated cotyledons, Local lesions were seldom evi- 
dent until the cotyledons became yellow from senescence, when the lesions were evident as 
small dark rings. An occasional pumpkin seedling became systemically invaded, but, 
generally, the virus or viruses responsible for the cotyledonary lesions remained localized 
on the cotyledons, 

Cucuzzi (an edible gourd, probably Lagenaria sp, ) could be infected from cucumber or 
peach juice inocula only with considerable difficulty. If infection occurred, the causal virus 
or viruses became systemic, but differential symptoms among the different virus isolates 


4 
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Table 1. Virus content of three stone fruit virus isolates that incite a vein-banding syndrome 
in Cocozelle seedlings, 


Determinative Frunue hosts Cucumber 
Taolate Montmorency Albion Shiro Peach Shirofugen syndrome 
cherry plum plun cherry 
Sta 15-2-1 NRSV LPV rRSV necrosis 
scrv (1) dwarfing 
a 
410/1 RNRSV no PDV LPV NRSV necrosis A+B 
SCYV 
SCYV awerf ing 


2 Original isolation made from Montmorency sour cherry by Dr. K. G. Parker, Cornell Univer- 
sity. 

b Original isolation made from Montmorency sour cherry byDr. J. A. Milbrath, Oregon State 
College. 


© Test not completed, 


were not evident. 

Squash (C. pepo, variety Cocozelle), however, proved a differential host, not for the 
causal viruses of Type A or Type B syndromes in cucumber but for another virus. Three of 
the isolates (2 from New York and 1 from Oregon) that caused both Type A and Type B 
syndromes in cucumber seedlings produced vein clearing and a prominent vein-banding of 
Cocozelle seedlings (Fig. 5). Vein clearing appeared in the first true leaf about 7 days after 
cotyledonary inoculation of young seedlings. and vein-banding appeared in the second and third 
true leaves 3 to 10 days after initial symptoms appeared in the first true leaf, Infected plants 
were stunted and grew slowly, The vein-banding, initially bright lemon-yellow, faded to 
white'as the leaves aged, The vein-banding syndrome was produced following inoculation with 
both peach and cucumber juice inocula of all three isolates, 

The vein-banding syndrome also appeared in seedlings from a mixed lot o1 seeds of 
ornamental gourds (C. pepo), but relatively few of the inoculated seedlings (3 of 24 seedlings 
in one test, 4 of 15 in a second) showed vein-banding., It appeared probable that only a single 
individual variety of the several undoubtedly present was susceptible, 

Analysis of the virus content of the three isolates that induced vein-banding in Cocozelle 
seedlings has not yet been completed in the determinative Prunus host range, The virus con- 
tent of each isolate as far as it has been presently determined is given in Table 1, 


DISCUSSION 


Direct proof of the identity of the virus inciting vein-banding in Cocozelle seedlings is 
not presented, since the virus has not been retransmitted to determinative Prunus hosts, 
Symptoms and data suggest that the virus is line pattern virus (LPV). The symptoms appear- 
ing in infected Cocozelle seedlings -- vein clearing, vein-banding, and the bleaching of the 
initial bright lemon-yellow of the vein-bands to white as affected leaves age -- are very 
reminiscent of the symptoms of LPV infection in the leaves of Shiro plum. 

The data show that LPV is present in all three isolates causing vein-banding in Cocozelle. 
Two other viruses, SCYV and NRSV or RNRSV, are also present or probably present in the 
same three isolates. However, other isolates known to contain SCYV or NRSV do not produce 
vein-banding in Cocozelle seedlings. PDV is excluded as the causal agent of the vein-banding 
syndrome by the fact that it is known to be absent in an isolate (A 10/1) that produces vein- 
banding. Other isolates known to contain PDV, but whose remaining virus content is not 
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completely analysed, also fail to cause vein-banding in Cocozelle seedlings. 

Either LPV, common to the three vein-banding isolates, is the causal agent of this 
syndrome or the syndrome is incited by some undetected virus in those isolates. 

The data also show that cucumber seedlings may be infected with the vein-banding virus 
without evidencing symptoms distinct from those caused by other stone fruit viruses. Cucum- 
ber seedlings infected with Cocozelle vein-banding virus cannot be distinguished from those 
infected with NRSV alone, The vein-banding virus apparently plays no role in the production 
of either Type A or Type B syndromes in cucumber. The causal agents of these two syn- 
dromes are still obscure. 
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YELLOWS VIRUS COMPLEX IN MARSHALL STRAWBERRY PLANTS 
NOT INACTIVATED BY GROWTH-REGULATING, 
ANTIBIOTIC, AND CERTAIN OTHER CHEMICALS1 J 


P, W. Miller and E, K. Vaughan? 


In 1954, Fulton3 reported that he had successfully inactivated Type 2 virus4 in infected 
Robinson strawberry plants by treatment with 2% zinc chloride and zine sulfate respectively. 
Acti-dione, Aureomycin hydrochloride, Neomycin, and Streptomycin sulfate at 250 and 500 
ppm were ineffective. 

Attempts to inactivate the strawberry-yellows virus complex in vivo by spraying anti- 
biotics or other chemicals on the foliage of infected plants have been made intermittently by 
the authors since 1949, 


MATERIALS AND METHODS 


The following chemicals were tested on severely infected Marshall strawberry plants: 
Acti-dione at 1 and 10 ppm; Agri-mycin "100" at 1000 ppm; Aureomycin at 1000, 2000, 5000, 
and 10,000 ppm; Anisomycin at 1000 ppm; Oligomycin at 100 ppm; Rimocidin at 1000 ppm; 
Streptomycin sulfate at 1198, 2995, and 5990 ppm; sulfaguanidine at 1000, 2000, 5000, and 
10,000 ppm; sulfamerizene at 1000, 2000, 5000, and 10,000 ppm; Terramycin at 440 ppm; 
alpha chlorophenoxypropionic acid at 5, 10, 25, and 50 ppm; beta naphthoxyacetic acid at 50 
ppm; indol butyric acid at 50, 100, 200, and 300 ppm; maleic hydrazide at 500, 1000, and 
2000 ppm; naphthalene acetic acidat 50, 100, 200, 300, 400, and 500 ppm; n-meta tolylphthal- 
amic acid at 200 and 400 ppm; ceric ammonium nitrate at 25 and 257 ppm; chelated copper at 
10,000 ppm; o-chlorobenzoic acid at 5000, 10,000, 25,000, and 50,000 ppm; oxyquinoline ben- 
zoate at 2396 and 5990 ppm; p-nitro phenol at 10,000 ppm; 2-3-5 tri-iodobenzoic acid at 100, 
200, 500, and 1000 ppm; 8-hydroxyquinoline at 1000 ppm; zinc chloride at 20,000 ppm; and 
zinc sulfate at 20,000 ppm. 

Two to six applications of each material at each concentration were sprayed on the foliage 
of three to six severely infected (yellows complex) potted Marshall strawberry plants to the 
point of "run-off", also various quantities at the same concentration were added to the soil 
in which the plants were grown, In the 1949-50 tests, the materials were sprayed onthe foliage 
of potted plants in the late fall, the plants were put out-of-doors over winter, and results 
were taken the following spring. In later tests, the materials were sprayed on the foliage of 
different growing infected potted plants in the greenhouse and the results were taken 2 to 4 
months thereafter. 

In earlier tests, the presence or absence of virus symptoms in the treated plants 6 
months after treatment was used to determine the effectiveness of the treatment on the virus 
complex, In later tests, the presence or absence of viruses in the treated plants was demon- 
strated by caging healthy aphids on each treated plant and allowing them to feed for 10 days to 
2 weeks, after which they were transferred to healthy seedlings of the East Malling clone of 
Fragaria vesca, which are sensitive to all except latent virus components. 


I A. proved for publication by the Director ofthe Oregon Agricultural Experiment Station and by the 
Chief of the Horticultural Crops Research Branch, Agricultural Research Service, United States 
Department of Agriculture. Contribution of the Departments of Horticulture and Botany and Plant 
Pathology of the Oregon Agricultural Experiment Station and the Horticultural Crops Research 
Branch, Agricultural Research Service, United States Department of Agriculture. 

2 Respectively, Plant Pathologist, Agricultural Research Service, Horticultural Crops Research 
Branch, United States Department of Agriculture; Plant Pathologist, Oregon Agricultural 
Experiment Station, 


3 Fulton, R. H. 1954. Studies oninactivation of the strawberry type 2 virus in vivo, Phytopathology. 
44: 489 (Abstract). 
4 Demaree, J. B., andC. P. Marcus. 1951. Virus diseases of strawberries in the United States 


with special reference to distribution, indexing and insect vectors inthe East, Plant Dis. Reptr. 
35: 527-537. 
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RESULTS 


None of the aforementioned materials, at the concentrations used, inactivated the straw- 
berry-yellows virus complex, Although the results were all negative, it was thought it would 
be helpful to other investigators to have this information. 

Certain concentrations of some materials caused injury to the plants under the conditions 
of these tests: indol butyric acid at 300 ppm, n-meta tolylphthalamic acid at 400 ppm, and 
maleic hydrazide at 500 ppm caused slight foliage injury; maleic hydrazide at 1000 ppm, naph- 
thalene acetic acid at 200 ppm, and chelated copper at 10,000 ppm caused moderate to severe 
foliage injury; and naphthalene acetic acid at 300, 400, and 500 ppm, alpha chlorophenoxypro- 
pionic acid at 10, 25, and 50 ppm, and maleic hydrazide at 2000 ppm killed the plants. In 
this connection it should be stated that most of the test plants were severely infected with the 
yellows complex before treatment. Healthy plants growing under field conditions might be 
less severely injured. 
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x CONTROL BY DIFFERENT STREPTOMYCIN FORMULATIONS OF 


FIRE BLIGHT ON BOSC PEARS IN CONNECTICUT ¥ 


Patrick M. Miller 
Abstract 


Streptomycin sulfate, streptomycin nitrate, and streptomycin sulfate 
combined with Terramycin gave equal control of pear fire blight at 200 ppm. 
Streptomycin sulfate at 75 ppm combined with 500 ppm of either glycerin, 
calcium nitrate, or kerosene gave poor control. All formulations at 200 
ppm caused some chlorosis of foliage. Streptomycin sulfate at 400 ppm 
applied to well established infections did not stop or delay further develop- 
ment of these infections, 


Of the several reports of control of fire blight of pears by streptomycin formulations, 
none have come from New England, Since pesticides may perform differently in different 
areas, streptomycin was tested for the control of fire blight (Erwinia amylovora) under Con- 
necticut conditions, Natural infections of fire blight on pears in Connecticut have occurred 
only occasionally in recent years, Thus artificial inoculation was necessary. Bacterial 
suspensions were applied under high pressure with a spray gun, 


Table 1. Control of fire blight of pears by various streptomycin 


formulations. 

Formulation? and concentration Percent infected fruit? 
Streptomycin nitrate 200 ppm 9,2 
Streptomycin sulfate 200 ppm 8.9 
Streptomycin sulfate 200 ppm 9.2 


+ Terramycin 


STS 75 ppm + Terramycin + 32.2 
calcium nitrate 500 ppm 


STS 75 ppm + Terramycin + 31.0 
glycerin 500 ppm 


STS 75 ppm + Terramycin + 34,1 
kerosene 500 ppm 


Unsprayed 68.6 


25 applications on May 4, 8, 12, 17, and 22. 


b Average of 5 replicates, 200 fruit counted per replicate. 
Infection was result of inoculations on May 12, 19, and 20, 


Each treatment was replicated 5 times in single tree plots in a block of young Bosc pears, 
These were streptomycin nitrate (produced by Olin Mathieson Chemical Corporation) strepto- 
mycin sulfate (produced by Merck Chemical Company) and a streptomycin sulfate-Terramycin 
combination (produced by Chas, F. Pfizer & Co.). The streptomycin-Terramycin combina- 
tion was also used at 75 ppm with 500 ppm of either glycerin, calcium nitrate, or kerosene. 
These three materials were added in an attempt to improve the penetration and efficiency of 
the streptomycin, Increased penetration should reduce the amount needed for adequate con- 
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FIGURE 1. Unsprayed Bosc pear tree almost killed by fire blight. 
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FIGURE 2. Bosc pear tree sprayed with 200 ppm of streptomycin nitrate 
before inoculation with fire blight. 
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trol and correspondingly reduce the cost of the treatment, 

The inoculum consisted of a mixture of bacteria obtained from four different sources 
-- from an infected tree in Connecticut, from Dr. Dwight Powell in Illinois, from Dr. R. H, 
Daines in New Jersey, and from the Chas, F, Pfizer and Company, The bacteria were 
grown in a 500 ml Erlenmeyer flask containing 150 ml of Emerson's medium and agitated for 
72 hours on a shaker, For each of the three inoculations, on May 12, 19, and 20, 3 liters 
of bacterial suspension were added to 30 gallons of water and applied to the trees with a 
hand gun at 300 pounds pressure, The weather at the time of the inoculations at noon on 
May 19 and 20 was warm and sunny, and the trees were in full bloom at this time, 

Five applications of streptomycin were made on May 4, 8, 12, 17 and 22, The first ap- 
plication was made just prior to the pre-pink stage of development and the last one was made 
at the start of petal fall. 

Results were obtained on June 5 by counting the number of fruit infected out of 200 fruit 
counted on each tree and are stated as percent infected fruit. 

The control obtained is shown in Table 1. The unsprayed trees were very severely in- 
jured by the fire blight, as shown in Figure 1. There was good control and little injury on 
trees kept protected with 200 ppm of any of the three formulations of streptomycin, as shown 
in Figure 2, Neither glycerin, calcium nitrate, nor kerosene increased the penetration or 
efficiency of control by streptomycin enough to enable 75 ppm of streptomycin combined with 
one of these to give satisfactory control. 

Some of the trees sprayed with these combinations and unsprayed trees were almost 
dead by August; so none of these materials appears promising in the search for methods for 
reducing the amount of streptomycin and thus the cost of treatment needed for adequate con- 
trol of fire blight on pears. This failure by glycerin to increase efficiency of streptomycin 
sprays on pears is in agreement with results reported by Rich! on cucumbers, although such 
an increase had been reported by Gray2 on bean leaves. 

The role of streptomycin as primarily a protective spray was very evident in some work 
done following the determination of infected fruits on June 5. In an effort to prevent further 
injury and spread of infections on unsprayed and other trees, these trees were sprayed with 
streptomycin sulfate at 400 ppm, double the regular concentration, Even this high concen- 
tration did not delay or prevent further development of established infections, 

The good control of fire blight on Bosc pears obtained with protective sprays of strepto- 
mycin in these tests is like that given on apples and pears in other parts of the country, It 
would seem that streptomycin should give effective control wherever fire blight attacks. 


DEPARTMENT OF PLANT PATHOLOGY AND BOTANY, THE CONNECTICUT 
AGRICULTURAL EXPERIMENT STATION, NEW HAVEN, CONNECTICUT 


l Rich, Saul. 1956, Foliage fungicides plus glycerin for the chemotherapy of cucumber scab. 
Plant Dis. Reptr. 40: 620-621. 

2 Gray, R. A. 1955. Increasing the effectiveness of streptomycin against the common blight 
of bean with slycerin, PlantDis. Reptr. 39: 567-568, 
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RELATIVE RESISTANCE OF SOME STRAWBERRY VARIETIES AND 
SELECTIONS TO POWDERY MILDEW AT CORVALLIS, OREGON! * 


P. W. Miller and G, F. Waldo? 


In certain years powdery mildew, caused by Sphaerotheca macularis (Fr. ) Magn, in 
Jacz,, is among the more important diseases of strawberries in Oregon. As early as 1900, 
Salmon (2) reported differences in the susceptibility of strawberry varieties to the powdery 
mildew fungus. In 1954, Darrow et al. (1) reported the relative resistance of 41 strawberry 
varieties: 11 varieties were found to be free from powdery mildew and 8 others very 
resistant. 


Table 1. 


Relative resistance of some strawberry varieties and selections to powdery 
mildew, Corvallis, Oregon, 1954-56, 


Variety or selection : Resistance rating . : Variety or selection : Resistance rating 


: 1954 : 1955 : 1956. : 1954 : 1955 : 1956 
Siletz 9 9 9 Jumbo - 7 8 
U.S. -Oreg. 2312 10 9 9 Bellmar - 7 8 
U.S.-Oreg. 2326 8 9 9 Sierra - 8 
U.S. -Oreg. 2247 9 7 8 Campbell 8 7 
U.S.-Oreg. 2234 7 8 9 British Sovereign - 8 7 
Marshall 8 7 8 Donner 6 7 - 
Darst (of Washington) 8 7 7 Cupertino 5 7 - 
Shasta 5 7 7 
Northwest 5 6 6 U.S. -Oreg. 2328 - - 10 
Lassen 5 5 6 Indra - - 10 
Utah Shipper 5 6 5 Puget Beauty - - 9 
Climax (of Scotland) 9 - - 
Sparkle 9 - 10 Kasuga (of Utah) - - 8 
U.S. -Oreg. 2249 9 - 9 Archred (of Utah) - - 8 
U.S.-Oreg. 2319 9 - 9 U.S. -Oreg. 2420 - - 8 
Riley (of Washington) - 8 8 Corvallis - - 
Lindalicious (of Utah) - 8 8 Pocahontas - - 7 
U.S. -Oreg. 2289 7 - 5 Dixieland - - 6 
U.S. -Oreg, 2331 6 - 7 Earlidawn - - 6 
Canall (of Utah) ~ 7 8 Robinson - - 6 
Ebony Gem - 7 8 U.S. -Oreg. 2417 - - 6 
Midland - 7 7 Stelemaster - - 5 
Empire - 7 8 Redglow - - 5 


2 10 = no mildew; 9 = trace of mildew but no leaf rolling; 8 = small amount of mildew with slight 


leaf rolling; 7 = leaves considerably mottled but little or no leaf rolling; 6 = much leaf rolling and 
some injury to lower surface (reddening and beginning necrosis); 5 = much leaf rolling accompanied 
by severe necrosis (injury severe enough to cause loss of leaves). 


Differences in the relative susceptibility of certain strawberry varieties and selected 
seedlings to powdery mildew have been observed during the past 3 years in varietal field test- 
plots at Corvallis, Oregon. As aclassification of varietal resistance under Pacific Northwest 


1 Approved for publication by the Director of the Oregon Agricultural Experiment Station and by the 
Chief of the Horticultural Crops Research Branch, Agricultural Research Service, United States 
Department of Agriculture. Contribution ofthe Departments of Horticulture and Botanyand Plant 
Pathology of the Oregon Agricultural Experiment Station and the Horticultural Crops Research 
Branch, Agricultural Research Service, United States Department of Agriculture. 

2 Plant Pathologist and Horticulturist, respectively, Horticultural Crops Research Branch, Agri- 
cultural Research Service, United States Department of Agriculture, 
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conditions would be very useful to strawberry growers and breeders, powdery mildew- 
resistance ratings of a number of varieties and selected seedlings were made during each 
of the past 3 years (1954-56). The authors rated the varieties and selections independently 
and averaged their ratings. The numerical system used by Darrow et al. (1) to rate the 
relative resistance of strawberry varieties to the disease was used in these studies. These 
data were taken at locations approximately 4 miles apart near Corvallis, Oregon. 

Average powdery mildew-resistance ratings are given in Table 1. As shown, the fol- 
lowing varieties and selected seedlings had a relatively high degree of resistance in 1954-56 
ander Corvallis (Oregon) field conditions: Siletz, Sparkle, Indra, Puget Beauty, and U.S. - 
Oreg. selections 2249, 2312, 2319, 2326 and 2328. Darrow et al. (1) reported that many of 
the varieties listed had similar powdery mildew-resistance ratings at Beltsville, Maryland. 

It is noteworthy that the Siletz variety and practically all highly resistant U.S. -Oreg. 
selections are derived in part from the beach strawberry (Fragaria chiloensis Duchesne), 
which is native to the Pacific Coast. Most clones of this species are very resistant to powdery 
mildew. F. chiloensis, used extensively in recent strawberry breeding in Oregon, appears 
also to be a source for vigor and adaptability to Pacific Coast climatic conditions as well as 
for resistance or tolerance to the red-stele disease caused by Phytophthora fragariae Hick- 
man (3), verticillium wilt caused by Verticillium albo-atrum Reinke & Berth, (4), and virus 
diseases. 
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A NEW, PERMANENT METHOD FOR MOUNTING 
PLANT PARASITIC NEMATODES _ 


J. P. Reed, M. T. Hutchinson, and S. R. Race 
Summary 


Nematodes mounted directly into Berlese Fluid are examined under 
a phase microscope. Details of the cuticle, and glandular systems are 
particularly well defined. Slides have remained permanent over a period 
of two years, 


A modified Berlese Fluid, of a type suitable for mounting mites, has been used since 
1954 in New Jersey for mounting nematodes, The formula is as follows: 


Distilled water 50 ml 
Gum Arabic 30 gm 
Chloral hydrate 200 gm 
Glycerine 20 gm 


The materials are mixed in the order given, and filtered successively through cheesecloth 
and coarse filter paper. If a powdered Gum Arabic is used, the cheesecloth filtration can be 
omitted. 

The nematodes are transferred, at the end of a bamboo pick, directly from water to a 
drop of the fluid on a micrascope slide. They are moved to the bottom of the drop with the 
pick, centered, and a cover slip is applied. No ringing is necessary. For ease of location 
and identification of the specimen, and for purposes of maintaining a permanent collection, 
only one nematode is mounted per slide, and a small (12 mm) cover slip is used, 

Because of the extensive clearing action of the fluid, the slides are examined under a 
phase microscope, which provides excellent contrast-type lighting. With care, the slides 
can be examined under oil immersion lens immediately, and routinely after a month, 


The Advantages of the Method Are as Follows: 

1. The mounts are apparently permanent, without the need for time-consuming 
procedures, 

2. The Berlese Fluid is sufficiently viscous so that no supports are required 
to prevent the nematodes from being crushed, Also, there is a minimum of move- 
ment of specimens when the cover slip is applied. 

3. The extensive clearing of the internal parts of most nematodes, in contrast 
to formaldehyde, clearly reveals such structures as oesophageal glands, and the 
reproductive and excretory systems. This clearing appears to be particularly rapid 
and complete in the genera Aphelenchus, Aphelenchoides, Tylenchus, and Ditylenchus. 
(In the case of Pratylenchus, and Hoplolaimus, for example, air bubbles are often 
present), 

4, All cuticular structures are very clearly delineated, including the lateral 
lines, perineal patterns, phasmids, and deirids, The perineal patterns of female 
Meloidogyne species are particularly oustanding. 


The Disadvantages of the Method Are as Follows: 

1. A phase microscope is required, 

2. The basal portion of the stylet, and the stylet lobes, are cleared either 
partially or completely. In the former case, these structures appear as shadows, 

3. Excessive diffraction of light around the cephalic framework of such nema- 
todes as Hoplolaimus, 

4. Possible distortion in the positions of the digestive and reproductive systems. 


Nematodes of 26 genera that are known to be or are suspected of being plant parasites, 
in addition to numerous saprophytic and predacious nematodes found in New Jersey, have been 
successfully mounted using this method, and have been made part of a permanent reference 
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collection. This method is considered to be complementary to present methods, and to be 


of particular advantage as a rapid means of producing permanent mounts, and for the study 
of cuticularly-derived structures. 
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, CONTROL OF FUSARIUM WILT AND ROOT-KNOT 
NEMATODE OF TOBACCO WITH SOIL FUMIGANTS?+ 


O. D. Morgan? 
Summary 


Three tests for the control of root-knot nematode also gave definite 
control of Fusarium wilt. Yields were increased markedly in the 3 tests 
by use of ethylene dibromide at 5 gallons to the acre, A split treatment of 
EDB at 2.5-2.5 gallons per acre, used in one of the tests, also showed con- 
trol of Fusarium wilt and increased weight of tobacco over the weight of 
untreated controls, as did D-D at 20 gallons per acre, 

There was a rapid build-up of root knot nematode populations near the 
end of the growing season in all 3 fields. An increase in wilt was also 
noted, Control of root-knot nematode on tobacco by the fumigants EDB and 
D-D is a definite factor in the control of Fusarium wilt when nematodes 
and Fusarium are both present, 


INTRODUCTION 


Tobacco Fusarium wilt, caused by Fusarium oxysporum (Schlecht. ) Wr. var, nicotianae 
J. Johnson, for many years has been found distributed over the five southern tobacco Counties 
of Maryland, In recent years Fusarium wilt has been found associated with root-knot nema- 
todes, Meloidogyne spp. The species most commonly found has been Meloidogyne incognita 
var, acrita, 

Fusarium wilt in Maryland is controlled almost exclusively with the Robinson variety 
resistant to the wilt. Some growers practice rotation as well as use the resistant variety, 
Since tobacco growers use the resistant variety as soon as Fusarium wilt appears in their 
fields, it is difficult to find a field of tobacco heavily infected with the wilt disease, During 
1953 in the Glen Burnie area, a fumigation test for root knot control was conducted on four 
truck crops and tobacoo, EDB (ethylene dibromide) was used. It was observed that the un- 
treated check tobacco had Fusarium wilt while the treated tobacco had none, 

Since it was evident from the Glen Burnie test that there was wilt control following fumi- 
gation for root-knot nematode, two other tobacco fields with the Fusarium wilt and root-knot 
nematode complex were located, both in the Bryantown area of Charles County, 

The present study was conducted in the Bryantown area during the fall of 1953 and spring 
of 1954, to determine whether or not root-knot nematode control would be a factor in the con- 
trol of Fusarium wilt when soil fumigants D-D or ethylene dibromide were used, 


LITERATURE REVIEW 


A number of workers have found that various species of nematodes are important factors 
in increasing wilt on tobacco and other crops. Since Atkinson (3) stated that cotton wilt was 
more severe when root knot was present, others have observed similar conditions in the field, 
Tisdale (23) observed that black shank was more severe when root knot was present. Young 
(25, 26) found tomato wilt more severe in resistant varieties when root-knot nematodes were 
present, also, Young (24) states that root kiot contributes to the susceptibility of cotton to 
wilt fungus. Taylor et al, (21, 22) indicated that severe infestation by root knot nematodes 
may lessen the effectiveness of certain wilt-resistant cotton varieties. Smith (17) suggests 
that there is a probable relationship between the meadow nematodes and Fusarium wilt of cotton. 

In a number of tests soil fumigation with nematocides has given control of root rots caused 
by organisms other thannematodes, Atkins (2) reported that benefit from the control of nema- 
todes on rice by several nematocides was greater than would be expected from control of nema- 
todes alone, indicating a root rot-nematode complex was present. He used methyl bromide, 


1 Scientific Article No. A596, Contribution No. 2769 of the University of Maryland Agricultural 
Experiment Station, Department of Botany. 


2 The author is indebted toMr. A. L. Taylor for valuable assistance in setting up the field plots 
and toDr. W. R. Jenkins for identification of nematodes. 
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FIGURE 1. A--Field 3 plot treated with EDB at 5 gallons 
per acre. B--Untreated control plot adjacent to treated plot 
A, note wilted plants. C--Field 3, right treated with EDB, left 
no treatment. D--Type of equipment used in fields 1, 2, and 
3, E--Tobacco roots from treated plot left, no treatment right. 
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Table 1. The effect of soil fumigants ethylene dibromide (Dowfume W-85) 
and D-D on percent wilt, root knot index, yield, and nematode 
population in soil. 


Root” Weigsht or” Percent 
Percent knot cured to- increase Nematodes 
wilt at index at bacco of weight in soil 
Field Treatment harvest harvest I1b/A over control at harvest 
1 =EDB gal/A 1.92 1391 87.67 heavy 
Control 5.62 4.01 7h1 heavy 
2 EDB S gal/A 12 525 600.0 heavy 
Control 89 regnn 75 moderate 
3 EDBS gal/A 2.93 1.71 809 79h moderate 
EDB 2.5 gal 
split/A 1.91 764 59.4 moderate 
DD 20 gal/A 6622 3.13 652 abundant 
Control 22.3 451 heavy 


*: Significant at 5% over control, 
**: Significant at 1% over control. 
t: Index based on 1 = no infection to 5 = very heavy infection, 
tt: Weight in field 1 based on 5800 pounds per acre, in fields 2 and 3 based on 
6000 pounds per acre, corrected for loss due to dead plants. 


EDB, D-D mixture, and Nemagon, A report from Georgia (4) indicated that D-D and EDB 
treatments have controlled southern stem rot, root rot, and Fusariumwiltof tobacco, Gaines 
(5) states that soil fumigation, besides controlling nematodes, has given some control of 
black shank, Fusarium wilt, and stem rot of tobacco, Henry (6, 7, 8) showed that a root rot- 
nematode complex of pines could be effectively controlled with soil fumigants, Nausbam (15) 
reported that fumigation of tobacco had little effect on the control of black shank in highly 
susceptible varieties. However, black shank was less severe in resistant varieties following 
soil fumigation, 

Smith (18, 19) was able to control cotton wilt in presence of nematodes by soil fumiga- 
tion with EDB, both for resistant and susceptible varieties. Taylor (21, 22) found that the 
differences between carbon-bisulfide treated and untreated plants suggests that abundance of 
nematodes influenced infection by the wilt organism on cotton, 

In the past few years, there has been some experimental proof to show that the incidence 
of root rots, particularly the wilts, has been greater in presence of nematodes, Holdeman 
(10, 11) demonstrated that the sting nematode increased the incidence of wilt in cotton varie- 
ties when both nematode and wilt were present, Sassér (16) demonstrated that black shank 
resistant varieties died when nematodes were present. Holdeman (9) showed that the tobagco 
stunt nematode, Tylenchorhynchus claytoni Steiner, increased incidence of Fusarium wilt in 
tobacco, Lucas et al. (13) were able to show that root-knot nematodes facilitated infection by 
the Granville wilt bacteria, by wounding the roots and providing entry points, 

There have also been some negative responses to the control of wilts in presence of nema- 
todes by soil fumigation. Arndt (1) failed to find any influence by nematodes on cotton wilt, 
neither were they factors in the etiology of damping-off or soreshin of cotton, Young (26) was 
able to control root knot on tomato with carbon bisulfide but obtained no control of the wilt. 
However, Young (25) found that root knot decreased resistance to tomato wilt. McClelland 
and Christie (14) were unable to show any influence of root-knot nematodes on the incidence 
of tomato wilt. Lucas and Krusberg (12) showed that the stunt nematode of tobacco did not 
increase the severity of bacterial wilt (Xanthomonas solanacearum) in wilt resistant tobacco, 
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Stark and Lear (20) indicate that D-D and EDB are not fungicidal at rates used to control root- 
knot nematode, 


MATERIALS AND METHODS 


Three fields were in the tests, field 1 with 1/8 acre in the Glen Burnie area, and field 
2 with 1/2 acre and field 3 with 2 acres in the Bryantown area, Fields 1 and 2 were fumigated 
with EDB (Dowfume W-85) only. Field 3 was treated with EDB and D-D and is the test with 
which this study is primarily concerned, EDB was used at the rate of 5 gallons to the acre 
and D-D at 20 gallons to the acre, 

The broadcast method of application was used in all fields. The equipment3 consisted of 
8 injection tubes attached behind narrow cultivator shoes, at 10-inch centers and mounted on 
acultivator frame, The injector tubes were attached to bronze fittings containing calibrated 
discs and fine screens, The bronze fittings were attached to a pressure gauge, then to a pump 
run from the power take-off of the tractor. The pump was connected to the tank containing the 
fumigant. All connections were brass, iron, or rubber tubing (Fig. 1D). 

Field 1 was treated May 3, 1953, with EDB at 5 gallons to the acre, The tobacco plot 
was about 1/8 acre consisting of 3 rows treated and 3 rows untreated, each 320 feet long. 
Tobacco was planted during the first week of June. The winter cover crop for field 1 was 
wheat and vetch, The vetch was heavily infected with root-knot nematode at the time it was 
plowed under in April. 

Field 2, located in the Bryantown area, in 1954, was heavily infested with root-knot 
nematode and badly damaged with Fusarium wilt in one section. The cover crop during the 
winter was wheat, Although no actual count was made of the wilted plants, it was estimated 
that 50 percent of the plants had Fusarium wilt in the infected area, 

The area of field 2 which had the Fusarium wilt-root knot nematode cqgmplex the year 
before was divided into two 7-row plots. Each row was 420 feet long. Seven rows were broad- 
cast-treated the first week in May 1955, about 40 days after the field was plowed, and 7'rows 
were left untreated. Dataweretakenfrom the 5 inside rows of the treated and untreated plots 

Field 3 in the Bryantown area was found, in 1953, to be heavily infested with root-knot 
nematode and 35 percent of the plants had Fusarium wilt. Eight weeks after harvest of the 
1953 crop, the soil was treated, After treatment, wheat and vetch were planted as a cover 
crop. A check of the field in April showed a good crop of wheat and vetch, even though they 
were sowed late. 

The area was marked off in plots 40 x 100 feet; 5 treatments were replicated 3 times, 
at random, making 15 plots in all. The plot area was divided into 2 sections separated with 
a 25-foot untreated aisle. The entire area used was about 2 acres, The treatments were 
EDB at 5 gallons per acre; EDB at 2,.5-2,5 gallons per acre in a split treatment, 2 weeks 
apart; EDB at 5-5 gallonssplittreatment, this last was not completed and it was not used, 
D-D at 20 gallons to the acre and untreated controls were included. Treatments were made 
November 3 and the split treatment again on November 17, The cover crop was plowed under 
the following April and tobacco was planted the last week of June. 

The three fields were treated at soil temperatures over 50° F and air temperatures over 
70°, Catterton variety susceptible to Fusarium wiltand root knot was planted in the 3 fields. 

Near the end of the growing season, Fusarium wiltcounts were made in each of the 3 
fields. All of field 1 plants were cut and housed. One hundred plants were harvested at ran- 
dom from treated and untreated plots in fields 2 and 3. Plants from each field were put on 
sticks, tagged, housed, stripped, graded, weighed. Following harvest, 25 root samples were 
made from each treatment in fields 1, 2 and 3 and indexed for root knot, Soil samples of 250 
grams each were also taken from all plots in each of the 3 fields and checked for root-knot 
nematode numbers. 


RESULTS 


Results of the three tests are shown in Table 1 and Figure 1. Table 1 shows that-all 
treatments gave excellent control of both root-knot nematode and Fusarium wilt. Of the treat- 
ments EDB at 5 gallons to the acre in fields 1, 2, and $, and at 2.5 gallons split treatment in 
field 3 gave best results, followed by D-D, and control. 


3 Equipment was loaned by the Dow Chemical Co. 
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The untreated area of field 1 had a light infection of Fusarium wilt, while the treated 
area had no wilt where fumigant EDB was used. Wilt has never been bad in this area even 
though root-knot nematode infestation was very heavy(Fig. 1). Infield 2. Fusarium wilt and 
root knot were severe. In the treated plot of field 2 where both root knot and Fusarium wilt 
were present, 12 percent of the plants had wilt, 4 percent of the plants were killed, In the 
untreated plot (Fig. 1C) only 11 percent of the plants survived in the 5 rows used in the data. 
Many plants died early and the plot grew up in weeds. The roots were rotted and nematodes 
had left the area, A soil check for the nematodes indicated that there were more in the 
treated than in the untreated plot of field 2. 

Field 3 showed a significant difference in amount of wilt in favor of treatment but not 
between treatments. Table 1 shows that D-D had nearly twice as much wilt as either of the 
EDB treatments. Also, the root knot index was higher in the D-D plots than in either of the 
EDB treatments, which may account for the higher incidence of Fusarium wilt. The indexes 
of the control, D-D, EDB at 5 gallons, and EDB 2.5 gallons split treatment are 4.40, 3.13, 
1.71, and 1.92 respectively. The control index of 4, 4 is significantly greater than the treat- 
ments, The percentages of wilt for D-D, EDB at 5 gallons and EDB at 2.5 gallons split 
treatments, and control were 6, 22, 2.93, 2.72, and 22.3 respectively. All the plants in the 
treatments lived whereas 8.7 percent of the control plants died and were not harvested. This 
gives further evidence of severity of wilt in control over treatments (Fig. 1, A and B), 

Total weight of cured tobacco in the 3 fields was definitely in favor of treatment with soil 
fumigants., In field 1, where there was a light wilt infection, the increase was due to the con- 
trol of root knot, whereas in contrast to this, in field 2, the increase was due to control of 
root knot and Fusarium wilt complex. Increases in yield for fields 1 and 2 were 87.7 percent 
and 600 percent respectively. In field 3, the increase in weight of treatments over control 
shows EDB at 5 gallons best, with 2.5 gallons split treatment next, and D-D treatment last: 
79.4, 69.4, and 44.5 percent respectively. 

The root knot index and the large number of nematodes found in the soil at the end of the 
season indicate a rapid build-up of nematodes at the end of the growing season, A check of 
nematode numbers outside the plot area of field 3, where no tobacco was planted, gave a 
moderate number of root-knot nematodes, which was about the same as the treatments had at 
the end of the season, Most of the wilt occurred in the last 3 weeks of the growing season, 
This was particularly true in fields 2 and 3, 
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SHORT NOTES ON NEMATODES 


x 
ADDITIONS TO THE HOST LIST OF 
OPHOLUS SIMILIS, THE 
URROWING NEMATODE | By William A. Feder and Julius Feldmesser 


Recent work has shown the burrowing nematode, Radopholus similis, the cause of 
spreading decline of citrus, to be a root parasite with an extensive host list. The hosts in- 
clude many tropical and subtropical weeds and ornamental plants grown in Florida, It was 
considered pertinent to the problem to learn whether various field and vegetable crop plants 
commonly grown in Florida can support populations of this nematode, 

Burrowing-nematode-infested subsoil dug beneath citrus trees known to harbor the bur- 
rowing nematode in their roots was placed in 3-gallon crocks and 8-inch pots and planted with 
seeds of the following field and vegetable crop plants: carrot var. Imperator; beet var. Early 
Blood Red Market; lettuce var, Great Lakes; bean var, Tender Green; tomato var, Marglobe; 
squash var, Baby Crookneck; corn var. Iona; clover var. White Dutch; pea var. Black Eye; 
pepper var. Yolo Wonder; okra var, Perkins Long Green; radish var. Early Scarlet Globe; 
cantaloupe var, Georgia 47; turnip var. Purple Top White Globe; kale var. Dwarf Blue Curled 
Scotch; broccoli var. Calabrese; watermelon var, Florida Giant; hairy indigo; Crotalaria 
spectabilis; rye var. Florida Black; Bahia grass var. Pensacola; Bermuda grass; carpet grass; 
and alfalfa, The plants were allowed to grow 6 to 8 weeks and were then harvested and the 
roots were incubated according to the Young technique!. Kale, lettuce, Crotalaria, and tur- 
nip were the only plants on which the burrowing nematode did not complete its life cycle. Corn, 
tomato, and okra supported heavy populations. 

FRUIT AND NUT CROPS SECTION AND NEMATOLOGY SECTION, ORLANDO, FLORIDA, 
HORTICULTURAL CROPS RESEARCH BRANCH, AGRICULTURAL RESEARCH SERVICE, 
UNITED STATES DEPARTMENT OF AGRICULTURE 
l Young, T. W. 1954. Anincubation method for collecting migratory endo-parasitic nematodes, 
Plant Dis. Reptr. 38: 794. 
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SOYBEAN CYST NEMATODE 

FOUND IN TENNESSEE ~/ By J. M. Epps 

The soybean cyst nematode, Heterodera glycines Ichinohe, has been found in soybean 
fields in Lake County, in Western Tennessee, In the course of a survey, soil and roots of 
soybean plants were collected from a field believed to be infested with the root-knot nematode. 
Examination of the soil revealed the presence of many lemon-shaped female nematodes 
attached to the roots and in the soil. Larvae were present in the soil. 

The extent of the infestation has not been determined, Numerous soil and root samples 
collected later, in the north part of Lake County, have not revealed the presence of this nema- 
tode, It now appears that the present known infestation constitutes a considerable acreage, 
The general area is devoted to growing soybeans, cotton, alfalfa, and corn, The soil varies 
from very sandy to heavy, 

Soil samples sent to Dr. J. N. Sasser, Department of Plant Pathology, North Carolina 
State College, Raleigh for confirmation were found to contain viable cyst nematodes which 
attacked soybeans. Reproduction occurred readily and numerous males were found in the 
material. Positive identification of the cyst nematode was made, 

Investigations as to extent of damage and areas of damage are being continued, 

PLANT PATHOLOGY DEPARTMENT, TENNESSEE AGRICULTURAL EXPERIMENT 
STATION, JACKSON, TENNESSEE 
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v RECORD OF BLIND SEED DISEASE CONTROL IN OREGON}, 


John R. Hardison? 
Abstract 


Perennial ryegrass, Lolium perenne, is grown in Oregon for the seed 
crop. Blind seed disease caused by Gloeotinia temulenta was first noticed 
in 1941. By 1944 it was so prevalent that seed production had become un- 
certain, A control program started in 1944 has resulted in gradual re- 
duction in prevalence and in late years losses have been negligible. The 
chief features of the control program now recommended are planting of 
disease-free seed, burning fields following harvest, and plowing after 
the second seed harvest. This procedure eliminates danger of infection 
by wind-borne spores from badly infested fields. The adoption of post- 
harvest burning is probably the most important addition to the control 
program. (EDITOR'S Abstr. ) 


In 1941, blind seed disease caused reduced germination of seed harvested from a few 
fields of perennial ryegrass, Lolium perenne L., in Oregon. By 1944, nearly 90 percent of 
the fields were infested, and individual losses were so severe that seed production of this 
grass had become uncertain, As a result of the control program started in September, 1944, 

a gradual reduction in prevalence of the disease was obtained during 1945 and 1946 (2), andinthe last 
6 consecutive years, 1950-1955, losses from blind seed disease have been negligible, 

Economic importance, biology, and experiments on control of the disease were sum- 
marized in an earlier report (2). The causal fungus has been placed recently in the newly 
described genus Gloeotinia; thus Gloeotinia temulenta (Prill. & Delacr.) Wilson, Noble & 

Gray (9) replaces Phialea temulenta Prill. & Delacr. 


FACTORS AFFECTING DISSEMINATION AND CONTROL 


The detrimental effects of blind seed disease on perennial ryegrass seed make it a very 
serious disease, Although seeds infected during early development are light weight and can 
be separated mechanically, most infected seeds have sufficient weight to prevent their re- 
moval from healthy seed during harvesting and cleaning operations (6, 8). There is the fur- 
ther difficulty that infected seed cannot be distinguished easily from healthy seed unless the 
lemma and palea are removed. In germination tests, seed laboratories make no separation 
of the "blind seeds" from healthy seed. Therefore, severely diseased crops of seed are low 
in percentage germination and much reduced in value, 

The life cycle of the pathogen appears to be restricted to the host seed, Apothecia arise 
from infected seeds that have overwintered near the soil surface, Ascospores are formed 
coincidentally with anthesis of the grass and initiate infection of developing seeds, Macro- 
conidia are produced in a slimy matrix on the surface of infected caryopses and may cause 
infection of late flowers. 

Dissemination of the disease into new areas results from wind-carried ascospores, 
planting diseased seed, and scattering infested screenings as feed for livestock, 

A number of factors affecting biology of the fungus have aided in control of the disease 
in Oregon. Infected seeds are safe for spring planting when aged 20-22 months and for fall 
planting when at least 24 months old. High temperatures and/or lack of moisture inhibit 
apothecial formation. Apothecia will not emerge from the soil when infected seed is buried at 
least 1/2 inch. The disease is not present in inflorescences formed in fields after the regular 
seed harvest in Oregon, 


1 Cooperative investigations between Field Crops Research Branch, Agricultural Research 
Administration, United States Department of Agriculture and the Oregon Agricultural Experiment 
Station. 

2 Pathologist, Field Crops Research Branch, Agricultural Research Service, United States 
Department of Agriculture. Assistance of personnel and use of records of the Oregon Seed Labora- 
tory and the assistance of Willamette Valley County Agricultural Agents in securing seed samples 
and carrying out field recommendations are gratefully acknowledged. 
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Control of the disease is complicated by the nearly automatic reinfestation of fields. 
Many infected seeds are light-weight and are thrown out with the straw during combine- 
threshing, Also, perennial ryegrass seed shatters easily before and during harvest. 


THE CONTROL PROGRAM IN OREGON 


Unsuitability of the Pre-Harvest Testing Scheme 


In other countries, particularly New Zealand, perennial ryegrass is grown primarily for 
forage, and the harvesting of seed is secondary, Seed production in New Zealand is reported 
(5) to depend to a large extent on wet weather favoring abundant development of forage so that 
part of the pasture plantings can be reserved for seed production, As a result, a scheme was 
devised in New Zealand (6) to supply pre-harvest information on the relative amount of infec - 
tion in different plantings during seasons favorable for seed production, 

The pre-harvest testing of head samples for macroconidia of Gloeotinia temulenta as 
developed in New Zealand has since been generally used in most other parts of the world where 
blind seed disease seriously damages ryegrass seed crops (1, 4, 7, 8). Such testing detects 
heavy infestation and enables growers to avoid the expense of harvesting worthless crops but 
it fails to control the disease and does not prevent loss of the ryegrass seedcrop, Actually, 
reliance on pre-harvest testing can greatly increase the disease prevalence, because the in- 
fested fields that are not harvested for seed are either cut for hay or saved for a later com- 
panion crop of clover seed, In either case, because many seeds are not removed, the fields 
are littered with an abundance of infected ryegrass seeds that remain as an effective source of 
inoculum each year, 

In Oregon, where perennial ryegrass is grown alone primarily for seed production, 
utilization of seed fields for forage is of secondary importance. Some fields are not pastured 
at all, and in these cases if the seed crop is a failure, relatively little income would be 
realized from the land, 


Development of the Oregon Program 


Because pre-harvest testing failed to give satisfactory control in New Zealand (5), it was 
recognized that the disease could never be controlled in Oregon by the pre-harvest scheme 
(2). Therefore, a control program was started in the fall of 1944 to determine the amount of 
infestation in Oregon fields and to eliminate all possible sources of inoculum primarily by 
plowing badly infested fields. The original program consisted of examining cleaned seed 
samples from all fields, rating incidence of disease, and issuing control recommendations to 
all growers (2, 3). 

The classes of infection now used and appropriate field recommendations for each class 
are listed in Table 1. Any field that produced seed with light or more severe infection was 
proved likely to produce a severely infested crop the following year. Even fields that pro- 
duced seed with very light infection also might not be safe for another crop under certain con- 
ditions. If there was excessive shattering and/or excessive clean-out separation of light- 
weight infected seed during combine threshing coupled with favorable soil moisture, seed in- 
fection might be serious the following year, The control program in Oregon has been 
strengthened gradually; recommendations are now made on all infested fields regardless of the 
incidence of disease, 

The historical sequence of blind seed disease control is shown in Figure 1. Effects of 
individual control measures cannot be evaluated separately after 1945, as several measures 
were in operation simultaneously. The sowing of disease-free seed or 24-month old seed and 
the plowing of badly infested fields were the main measures in operation in 1945, but in later 
years plowing recommendations were more generally adopted, so that the value of selective 
plowing cannot be measured by the results in the 1945 crop alone. 

The 1955 crop was the sixth in succession that was better than the 1941 crop, the first 
crop in which blind seed disease was found associated with low germination of seed, As shown 
in Figure 3, no seed with germination below 70 percent due to blind seed disease was recorded 
in the period 1950 through 1955, and less than 1 percent of the 1954 and 1955 crops fell below 
85 percent germination. 

The history of low germination parallels the history of heavy disease incidence, The 
reduction in amount of poor quality seed during the years 1950 through 1955 inclusive (Figure 
3) is accompanied by excellent disease control (Figure 2), The 1949 crop, however, was an 
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Table 1. Class of infection and control recommendations for blind seed 
disease in perennial ryegrass fields. 


— Macroconidia per Two Year Average 


1. None 0 93-3 Save for harvest 
2. Trace 1-3 9245 Burn if possible and 

burn after next harvest 

Very Light 91.5 Burn or plow 
4, Light 7-15 90.0 Burn or plow 
5« Moderate 16 = 30 87.20 Clean burn or plew 
6. Heavy 30 = 100+ 11.0-85.0 Plow 


“Number of macroconidia recovered in water suspension after soaking cleaned 
seed 20 minutes in an equal volume of water with intermittent shaking to wet 
seeds thoroughly. Spore counts determined with Bausch and Lomb haemacyto- 
meter with Neubauer ruling. 


PERCENT OF CROP BELOW 85% GERMINATION 


3 


‘242 (NO CONTROL: INCREASE OF DISEASE) 


re PREHARVEST TESTING GAVE NO CONTROL: SOME PLOWING & 2YR SEED USED) 


SEED TESTING PERMITTED SELECTIVE @ DISEASE-FREE 
(945 PLOWING SEED 


1946 @ SELECTIVE BURNING 
| NOT ENOUGH SUGGESTED 

PLOWING 
INFESTED FIELDS 


LATE INFECTION) "RECOMMENDED LIGHT 
1980 PLOWING 
1951 
1952 


FIGURE 1. Developmental history of blind seed disease control 
in Oregon fields of perennial ryegrass, showing effects of major 
control measures, Percentages of crop below 85 percent germination 
include only seed lots in which blind seed disease was detected, 
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FIGURE 2. Incidence of blind seed disease in Oregon fields of 
perennial ryegrass, based on class of infection determined in in- 
dividual cleaned seed samples of entire crop entered for seed certi- 
fication each year (Severe class of infection is same as Heavy in 
Table 1). 


exception because the germination (Figure 3) was much better than could have been expected 
from the disease incidence. This situation was possibly due to a considerable amount of endo- 
sperm infection without the usual damage to embryos. 


Effectiveness as Shown by 
Incidence of Blind Seed 


A review of the development of control measures presented in Figure 1 and of the annual 
record of disease incidence in Figure 2 permits a better evaluation of the effects of the control 
program. 

Blind seed disease was apparently introduced into Oregon by importation of infected seeds 
of perennial ryegrass prior to 1940, The disease was perpetuated and increased by broadcast 
seeding in patches too small for drill planting, thus permitting maximum production of apothe- 
cia because infected seeds were close to the surface of the soil, The disease was spread 
widely by sowing the resulting infected seed on a number of farms in the Halsey-Harrisburg 


3 Conducted by the Oregon Seed Laboratory and Dr. George W. Fischer during the summer of 1944. 
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FIGURE 3, Amount of perennial ryegrass seed damaged yearly 
in Oregon by blind seed disease, expressed as reduced percentage 
germination of individual seed lots. 


area of Linn County, Oregon. During the period 1941 to 1943 the disease increased rapidly 
with a corresponding increase in poor quality seed (Figure 3). 

Between the 1943 and 1944 harvests, some of the fields that had produced very low quality 
seed were plowed and the planting of 2-year-old seed was recommended, ‘However, these 
measures were not generally practiced. The effects of these limited measures could not be 
measured accurately, because the 1944 crop was not sampled completely. As a result of the 
New Zealand pre-harvest testing scheme that was given a trial in Oregon during the summer 
of 19443, a number of badly infested fields detected by these trials were not harvested for 
seed. In addition, other low quality seed lots were tested periodically in private laboratories 
and raised to minimum standards of germination (85 percent) for certification by blending with 
seed of high percentage germination and/or by repeated processing to remove light-weight 
seed, Thus, the available records do not include a considerable number of seed lots that were 
badly infested and were of low quality in their original form. The damage from disease in 
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fields that were harvested in 1944 was considerably greater than that shown in Figures 1 and 
3, and the actual disease infestation was probably equal to or higher than that in 1943. 

The initial phases of the present successful control program were begun after the 1944 
harvest, Control measures then included listing disease-free seed lots with which to plant 
new seed fields and listing badly infested fields to be plowed before May 1, 1945. These fields 
were detected by testing seed samples from all fields for prevalence of the disease. Reduced 
incidence of disease and consequent reduction in seed damaged in the 1945 crop (Figures 2 
and 3) can be ascribed primarily to the plowing of badly infested fields, which reduced the 
amount of inoculum, 

A further improvement in 1946 was attributed to greater cooperation by farmers in plow- 
ing infested fields and general planting of disease-free seed during the previous 2 years. 
Post-harvest burning was recommended as an alternative to plowing, but burning was prac- 
ticed on only a limited scale. The better control resulted chiefly from plowing infested fields 
and planting disease-free seed prior to the 1946 harvest. 

The increase in disease prevalence and consequent increase in poor quality seed in 1947 
(Figures 2 and 3) were due largely to the spread of disease into new areas. Farmers were 
unfamiliar with the disease and control measures and did not carry out the necessary selective 
plowing in the newly infested areas. 

The relatively good seed germination of the 1947 crop, compared with 1943 and 1944 
(Figure 3) concealed the important increase in disease (Figure 2), The seriousness of the 
disease situation was not appreciated by many growers, who, influenced by higher prices for 
perennial ryegrass seed, harvested many fields in 1947 for which plowing had been recom- 
mended, Although most of the severely infested fields that produced low quality seed in 1947 
were plowed, many infested fields that had produced crops with germination above 85 percent 
were left for seed production in 1948 against recommendations. Thus, these untreated, in- 
fested fields that were left in production furnished abundant inoculum for the further increase 
of the disease and consequent heavy damage to seed in 1948, 

Control recommendations were intensified following the 1948 harvest, Plowing was 
recommended for slightly more than one-half of the existing acreage that produced seed crops 
in 1948 if such fields had not been burned after harvest. Post-harvest burning was recom- 
mended for the first time as a general practice after the 1948 seed harvest, A few growers 
tried burning in the fall of 1948. Owing to lack of experience and fear of plant damage, 
growers did not adopt burning as a general practice in 1948. 

As shown in Figures 1 and 3, the 1949 crop records show a great improvement, The re- 
duced damage to the seed crop in 1949 was an accidental circumstance, because the seed 
germination for that year was much higher than is usually obtained with that level of disease 
incidence (Figure 2). 

Following the 1949 harvest, important changes were made that greatly improved the con- 
trol program, Most significant was the adoption of post-harvest burning as a general practice. 
The extensive burning of many fields and the plowing under of nearly all other infested fields 
which were not burned provided the best reduction of inoculum potential since the disease be- 
came widespread in Oregon, Remaval of light-weight seed from the fields during harvesting 
was widely practiced in the 1949 harvesting operations, and: this practice also aided in reducing 
infection in the 1950 seed crop. 

In addition, there was more interest in planting approved disease-free seed selected 
annually by this project, and in measures of secondary importance, such as incorporating 
smaller acreages into single, large fields to reduce carry-over of disease between stands, 
making good seed bed preparations with deep sowing in the spring, and improving field drain- 
age. Also, by this time the susceptible darnel or buckcheat, Lolium temulentum L., had 
been largely discontinued as a planted companion crop with perennial ryegrass, thereby re- 
ducing the disease hazard from this large-seeded, annual ryegrass, 

This more complete program was first generally effective in 1950 and resulted in a great 
reduction in disease incidence (Figure 2) and in improvement of seed quality (Figure 3), Un- 
fortunately, for a complete evaluation, the climatic conditions in western Oregon were not so 
favorable for infection during the period 1950 through 1952 as for the previous 9 years, At the 
same time, however, there was very good compliance with control recommendations, In 
particular, the majority of infested fields that were not burned were plowed, Burning has been 
continued and expanded as a general practice since the 1949 harvest. In Linn County, which 
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usually produces about 70 percent of the Oregon perennial ryegrass seed, County Agent O. E, 
Mikesell estimated that 90 percent of the acreage was burned after harvest during the period 
1950 through 1954, 

During 1953, 1954, and 1955 climatic conditions were again exceptionally favorable for 
blind seed disease infection, Continued disease control in these years demonstrates (Figure 
2) that the present program has prevented increase of the disease during 3 consecutive years 
that were very favorable for infection. Because the comparatively low incidence of disease 
in 1946 that was allowed’ to build up rapidly during 1947 resulted in heavy damage in 1948, it 
is apparent that neglect of the control measures for a period as short as 2 years could lead 
rapidly to disastrous results. Maintenance of the low incidence of the disease during the 6- 
year period, 1950 through 1955, has minimized crop losses, The success of this program 
has brought about general acceptance and good compliance with recommended control mea- 
sures. 

Inspection for prevalence of disease in cleaned seed samples from all fields is the 
foundation for the control program and has been practiced continuously since 1944, This pro- 
gram has now been adopted as a regular Extension Service project effective in 1956, 

An important addition to the control program during the period since 1950 has been to 
advise growers one year in advance that slightly infested fields should be burned after the 
succeeding harvest to insure their capacity for continued production of high quality seed. 
This advance warning provides an opportunity to make any newly infested fields safe for con- 
tinued seed production if desired, The warning service has no doubt assisted in control both 
by increasing the likelihood that most infested fields will be burned or plowed and by making 
seed growers aware of the desirability of following other control measures, 


The Present Control Program in Oregon 


The control measures now recommended are: 


1. Plant only disease-free or 24-month old seed. Plant seed more than 
1/2-inch deep as added insurance in case infested seed is inadvertently 
purchased, 

2. Plow in the fall or early spring all severely infested fields and any 
fields that have produced three seed crops, 

3. After August 15, burn all slightly infested fields that will be left 
in production. 

4. Adjust combine so that light seed is removed with the seed crop and 
not scattered back on the field, 

5. Infested fields should be plowed and not saved for pasture. Prevent 
grasses from heading in pastures until after July 1. 

6. Burn all diseased perennial ryegrass screenings. Never seed diseased 
screenings on pasture land or scatter as feed for livestock. 


Possibly the outstanding feature of the Oregon control program is that growers can 
virtually eliminate damage from blind seed disease at little cost by following certain recom- 
mended cultural practices, 

A number of the most successful ryegrass growers now plant disease-free seed, burn 
following harvest, and plow after the second seed harvest. This scheme practically elimi- 
nates blind seed disease as a factor in seed production since danger of wind-carried spores 
from badly infested fields has: been prevented. The adoption of post-harvest burning 
probably has been the most important addition to the control program previously described 
(2, 3), although it is difficult to evaluate separately each measure that has been generally 
adopted during the past 6 years. 
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TRENDS IN DISEASES OF CEREAL CROPS IN TEXAS IN RECENT YEARS 


M. C. Futrell andI. M. Atkins! 


Abstract 


Cereal rusts were prevalent in both wheat and oat fields in south Texas 
during the winters of 1954-55 and 1955-56. The fall and winter infections in 
south Texas were caused by wind-borne urediospores of the rust fungi from 
irrigated wheat, volunteer wheat, volunteer oats, and oats seeded early for 
pasture in north and central Texas. Dry weather ir central Texas during the 
spring months of both 1955 and 1956 prevented field to field spread of these 
diseases across the State. However, urediospores of the pathogens were 
wind blown from south to north Texas during both seasons, 

New races of the stem rust fungus (17-29 and 48A) virulent on Bowie 
wheat reduced the yield of this variety from an average of 35 bushels per 
acre in 1953 to 9 bushels per acre in 1956 in experimental plots at College 
Station, 

Diseases observed that had not previously been found in south Texas 
and northern Mexico included powdery mildewof oats, downy mildew of wheat 
and oats, red leaf (a virus disease of oats), and a possible virus disease of 
flax, 


INTRODUCTION 


Many organisms that incite diseases of cereal crops are active and live through the 
winter in south Texas and Mexico. Of these various diseases the rusts are the most destruc- 
tive from State, national, and international standpoints, Climatic conditions and other en- 
vironmental factors in Texas during the fall and winter season influence the amount of rust 
that will become established and live through the wint2r in south Texas, The condition of the 
crop and the varieties grown in commercial fields in central and north Texas affect the spring 
movement of the diseases northward across the State, The predominant varieties grown in 
each area of the United States greatly influence the prevalence of the different physiologic 
races of rust whick overwinter and increase in the area. Changes in the prevalence of races 
present in the United States in recent years have been recorded by Stakman et al. (1, 2) and 
Stewart (3). 

The 1954-55 and 1955-56 growing seasons afford good examples of the overwintering of 
the rusts and the effect of spring drought on spread of rust in Texas, Summer and fall rains 
preceding both of these crop years were inadequate to establish the crop at the normal time, 
One of the latest spring freezes on record occurred during the period from March 25 to 28, 
1955, and caused severe damage to the crop. Dry weather throughout the season and poor 
recovery from the freeze resulted in the production of the smallest wheat crop since 1935. 
Only 35 percent of the seeded acreage was harvested, yielding 14,212,000 bushels. In the 
spring of 1956 growing conditions were only slightly better and a large part of the dryland 
wheat in the Texas Panhandle was abandoned due to continued drought, Conditions were more 
favorable in the Rolling Plains area andafaircrop resulted, but again the total production was low, 
only 28,275,000 bushels, or less than one-half the normal crop, 


WHEAT DISEASES 


During both seasons leaf rust (Puccinia rubigo-vera var. tritici) and stem rust (P. 
graminis var, tritici) spores were blown into the Texas Panhandle and fall infections were 
moderate to heavy in irrigated fields. In the fall of 1955 the most heavily infected fields were 
found near Amarillo and Hereford, or the part shown on the main fall source area in Figure 1. 
The urediospores that incited this infection probably blew into the area during late August or 
September and could have originated in Canada and the Northern United States or on the sum- 
mer wheat crop in the highlands or central Mexico, From the main fall source area two 
secondary source areas developed, one near Sunray and Gruver in the North Panhandle area, 


1 Plant Pathologistana Agronomist, UnitedStates Department of Agriculture, Field Crops Research 
Branch, and Texas Agricultural Experiment Station. 
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ey MAIN FALL SOURCE AREA 


FIGURE 1. Fall source areas and 
spore movements in Texas during all of 1955. 


RUST MOVEMENT IN TEXAS, SPRING 1956 


NY OVERWINTERING SOURCE AREA 


SECONDARY BUILDUP AREAS 


FIGURE 2. Overwintering ana spring movement of 
small grain rusts. to secondary build up areas in Texas in 1956. 
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FIGURE 3. Yield of Bowie wheat and abundance of 
certain races of stem rust at College Station, Texas, 1949 to 
1956, 


the other on the Rolling Plains near Chillicothe and Iowa Park, In both of these secondary 
buildup areas the heaviest rust infections were in irrigated fields. 

Showers of leaf rust urediospores were trapped at College Station after a cold front moved 
into the area from the Northwest on October 14 and the first stem rust urediospores were ob- 
served October 31. These early-season spore showers apparently covered a wide area as 
first-generation pustules were soon found over a large part of the coastal area of south Texas, 
These pustules developed into overwintering centers in the area shown in Figures 1 and 2. 

The spread of both rusts was fairly rapid during the winter in areas that received moisture for 
normal growth of the grain plants, Fortunately, from the standpoint of crop losses there is 
only a small acreage of wheat in the south Texas area where the rust fungus commonly over- 
winters. Most of this wheat is seeded for pasture and in many instances ranchers buy seed of 
unadapted varieties or low quality feed wheat of mixed varieties. In recent years a number of 
fields have been seeded to the Atlas 66 variety. Fields seeded to mixed, poorly adapted sus- 
ceptible varieties serve as "hotbeds' for rust development duringthe winter, One such field 
south of Beeville was heavily infested on February 8, 1956 (50 percent prevalence and 10 per- 
cent severity). Infected fielcs of this type create inoculum over a long period of time and may 
infect fields over a large arez. 
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The spread of both rusts from south to central Texas was blocked both seasons by un- 
precedented spring droughts which prevailed until near normal heading time, Stem rust uredi- 
ospores were carried by winds from south to north Texas and some buildup of the disease 
occurred at two locations, one north of Dallas, the other in the Rolling Plains area and north- 
ward into Oklahoma as shown in Figure 2, The disease developed late in the season in both of 
these areas and caused little or no damage to the yield of grain, but inoculum was produced 
for the northward movement of urediospores, 

At College Station, Texas, a detailed study was made of the development of rust in an acre 
of Denton wheat in the fall of 1955, This wheat was seeded in early October so that the first 
spore showers of the season would have an opportunity to produce infection. On December 8, 
six infection centers of stem rust were found in this acre. Collections were made from each 
center and the physiologic race was identified by the Federal Rust Laboratory, St, Paul, Min- 
nesota, Stem rust from two of the centers was identified as race 56, from two other centers 
as race 48A, from one center a combination of races 48A and 29 was found, and from one 
center race 29 was identified. 

Races 48A, 29, and 17-29 complex attack Bowie and some other wheats of Kenya parent- 
age. The damage which these races of stem rust have done to Bowie wheat under College 
Station conditions since they became prevalent in 1953 is shown in Figure 3, Yields for the 
period 1949-56 are shown. No data are included for 1951 because the entire nursery was 
destroyed by dry weather, The 1949 and 1950 yield tests were grown under dryland conditions, 
From 1952 to 1956 the crop has been grown with supplemental irrigiation, and the effects of 
dry periods have been reduced, The reduction in yield in this variety reflected in Figure 3 
is almost entirely due to the presence of these new races of stem rust, and has made it im- 
practical to release this variety to farmers. The percentages of stem rust isolates in Figure 
3 are taken from published data from the Federal Rust Laboratory, St. Paul, Minnesota (1, 

2, 3). 

Spring leaf rust infections on wheat in central and north Texas have been light during the 
past two seasons, Leaf rust infection was fairly heavy in many fields in south Texas during 
January and February of 1955. The late March freeze and dry weather reduced the amount of 
inoculum, and infection in the central and northern part of the State was light. In the winter 
and spring of 1956 leaf rust developed slowly in south Texas with little or no spread to the 
northern part of the State, and according to some growers infection was the lightest in 20 
years, 

An infection center of stripe rust (P. glumarum var, tritici) was found in experimental 
plots at Prairie View, Texas, during January, 1956, This infection center was the largest 
area of this disease ever found in Texas, It is not normally present in the State but has been 
recorded a few times, Other diseases found on wheat include downy mildew (Sclerophthora 
macrospora) near Iowa Park, Texas, in the spring of 1955. Loose smut (Ustilago tritici) was 
present in a number of fields of wheat including some of the Concho variety on the high plains. 
The wheat curl mite, vector of wheat streak mosaic, was found in one field near Denton. 
However, positive identification of the disease has not been made to date. 


OAT DISEASES 


The movement of oat leaf rust (P. coronata var. avenae)and oat stem rust (P. graminis 
avenae) into the State in the fall of 1954 and 1955 came through the oat-producing areas of 
north and central Texas to the coast, The spread was similar to that of wheat rust shown in 
Figure 1, The overwintering area for oat stem and leaf rust was identical with that of wheat 
rusts shown in Figures 1 and 2, 

The acreage of oats seeded exclusively for pasture and grazed to maturity has increased 
rapidly during the past 10 years, It is estimated that nearly one million acres are sown for 
this purpose. Many ranchers do not buy planting seed until moisture is available, Often when 
soil moisture becomes available feed oats are used for this purpose, Fields seeded to mixed 
oats of this type develop "hotbeds" of rust during the winter. The prevalence and severity of 
both rusts were much higher in oat fields than in wheat fields during the winter of 1955-56. 
However, when the diseases moved from south to north Texas as shown in Figure 2, the rusts 
of oats did not spread so rapidly as did wheat stem rust, 

During the springs of 1955 and 1956 rust surveys were made in northern Mexico, Wheat 
leaf and stem rust were relatively light. However, oats near Monterrey were heavily infested 
with both rusts. 
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Other diseases observed on oats included powdery mildew (Erysiphe graminis var, avenae) 
found in northern Mexico in March 1955, Downy mildew was found on oats near lowa Park, 
Texas, in the spring of 1955. In most of the State blights incited by Helminthosporium sp. 
have been light probably due to the dry weather which has prevailed, Oat smuts (Ustilago spp. ) 
have been prevalent in some fields in central Texas. Red leaf of oats, a virus disease, was 


identified by Dr. R. M. Endo2, Urbana, Illinois, from a number of plant specimens collected 
from south Texas, 


BARLEY DISEASES 


Both stem and leaf rusts have been observed on barley. However, little damage was done 
by these diseases, Blights incited by Helminthosporium teres were observed in commercial 
fields of barley in south Texas during the past two seasons, 


FLAX DISEASES 


The flax acreage in Texas has declined rapidly in recent years owing to drought in the 
flax-producing area. A condition believed to be parasitic in nature has affected the crop in 
experimental tests and some fields. Flax plants can be affected at any stage of growth; they 
become yellowed, show marked reduction in vigor, and eventually die. Some plants may 
survive and produce small quantities of seed. In 1955 nematodes were found associated with 
affected plants but this was not found to be the case in 1956, Varietal differences in reaction 


to this condition appear to exist but often are not clear cut, It has been suggested that the 
condition might be due to a virus. 
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x 
SUSCEPTIBILITY OF GLADIOLUS VARIETIES! TO 
FUSARIUM, BOTRYTIS, AND CURVULARIA 


W. D. McClellan? and R. L. Pryor? 


In 1955 up to 100 cormels each of a number of gladiolus varieties were dipped in a spore- 
mycelial suspension of a mixture of three isolates of Fusarium oxysporum f. gladioli Snyder 
& Hansen obtained from R. O. Magie. Our No, 299 was his Florida isolate No, 28, No. 301 
was his isolate No. 23-1 from a gladiolus corm grown in Holland, and No, 304 was his isolate 
No. 24-1 isolated from a corm grown in Cuba. All three isolates were tested for pathogenic- 
ity and proved to be particularly virulent. Immediately after dipping the cormels were planted 
in flats of vermiculite in a warm greenhouse and fed monthly with a complete nutrient solution, 
The varieties ‘tested, the number of cormels planted, the percentage of cormels germinating, 
and the percentage infected at harvest are given in Table 1. 

The following varieties are not listed in Table 1 because excessive numbers of cormels 
failed to germinate: Apricot Glory, Caswallon, Daisie Mae, Elanora, La Favorite, Margaret 
Beaton, Mighty Monarch, Parithium, Rosa Van Lima, Scarlet Perfection and Sigrid Undset. 
Of those listed in Table 1 Cathay, Easter Parade, NatalieAnne, O. M. Brown, Summertime, 
and Yellow Bird possessed a high degree of resistance, 

In 1956, some of the same varieties, as well as new ones supplied by Noweta Gardens, 

St. Charles, Minnesota, were tested further for susceptibility to Fusarium, to Botrytis 
gladiolorum Timmermans and to Curvularia trifolii (Wakker) Boed. Cormels of each variety 
were counted into three lots, one of 100 cormels each for the Fusarium tests and two of 50 
each for the Curvularia and Botrytis tests. The remaining cormels were planted in the field 
for increase, The procedure for testing for Fusarium susceptibility was that used in 1955 
except that the cormels were divided into five lots of 20 each and each lot was planted in 
separate flats of vermiculite, representing 5 replicates. These cormels were planted July 6, 
1956, and harvested October 10, 1956. The percentage of cormels of each variety infected is 
given in Table 2. 

The two lots of 50 cormels of each variety for the Curvularia and Botrytis susceptibility 
tests were further subdivided into 5 lots of 10 cormels each and were planted in flats repre- 
senting 5 replicates June 6, 1956. After the plants had reached a height of 6 to 12 inches, 
those to be inoculated with Botrytis were placed in a high humidity inoculation chamber ad- 
justed to 65° F, optimum for Botrytis infection. They were then sprayed with a spore-my- 
celium mixture of isolates 213-D and 295 of B. gladiolorum, using an ordinary paint sprayer. 
Botrytis 213-D was isolated by K. F. Baker from gladiolus grown at Redondo Beach, Califor- 
nia, in May 1946, and 295 was isolated by J. G. Bald from gladiolus grown at Encinitas, 
California, in February 1952. After 48 hours in the inoculation chamber the flats were re- 
moved to the greenhouse and the number of plants per variety, the number of plants showing 
infection, and the degree of infection were recorded. Degree of infection was estimated by 
rating the plants of each variety in each plot for severity of infection on a scale of 0 to 4, 0 
equalling no infection and 4 maximum severity. These results are given in Table 2. 

The third lot of cormels of each variety was inoculated with isolate 292 of C. trifolii in an 
inoculation chamber in the same manner as with Botrytis except for adjustment of the tempera- 
ture in the chamber to 85° F, optimum for the development of Curvularia in gladiolus, This 
Curvularia culture was isolated from Beltsville-grown Picardy gladiolus in 1951. Counts and 
ratings similar to those for Botrytis were made (Table 2). 

Susceptibility of three varieties, Beauty's Blush, Pactolus, and Snow Princess, to 
Fusarium was determined both years. The test in 1956 apparently was more severe than in 
1955 as indicated by extent of infection. The percentage infection for Beauty's Blush was 43 
in 1955 and 89 in 1956, for Pactolus, 38 and 76; and for Snow Princess, 81 and 82, In the 1956 
test only three varieties, Catherine Beath, Kerry Dancer, and Sierra Snow, demonstrated 
much resistance and these varieties were somewhat susceptible. In both years many varieties 
were highly susceptible to Fusarium corm rot and yellows. 


1a large number of gladiolus varieties have been supplied us by the North American Gladiolus 
Council for use in breeding work and for determining their susceptibility to some of the more im- 
portant gladiolus diseases. 


2 Pathologist, and3 Geneticist, Horticultural Crops Research Branch, Agricultural Research 
Service, United States Department of Agriculture, Beltsville, Maryland, 
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Table 1. Susceptibility of gladiolus varieties to Fusarium corm rot and yellows’, 1955, 


Cormels : Cormels: Cormels : Cormels 


Variety Cormels Cormels Variety 

planted : germinating : infected : planted : germinating : infected 

Number Percent Percent Number Percent Percent 
American Beauty 100 98 85 Lipstick 100 99 90 
A. M. Stralia 37 100 51 Lord Nelson 31 oh 26 
Artist ou 100 7% Lovelace 100 100 95 
Bagdad 100 100 19 Loveliness 100 100 45 
Bandoeng ou 100 19 Mansoer 100 100 Tm 
Beauty's Blush 100 98 43 Margaret Barrett TO 100 51 
Benjamin Britten 100 100 66 Marie Antoinette 51 98 ub) 
Bridesmaid 56 98 63 Marie Zamora 53 100 Th 
Buckeye Bronze 100 oT 51 Maurrie Trevan 100 100 93 
Burma 100 100 88 Meistersinger 56 93 38 
Butterscotch 100 90 ko Mecca 100 100 ge 
Camellia 31 100 65 Montana 100 ge 65 
Cameron Sdlg. 37 97 36 Mount Tacoma 100 100 TH 
Carrara 100 100 43 Musio Clemente 100 100 o4 
Cathay 100 100 23 Myrna Fay 100 98 43 
Chantilly 83 100 59 Natalie Anne 5h ou 17 
Charmaine 34 ou 68 0. M. Brown 100 9 17 
Cherry Ruffles T% 100 65 Pacifica 100 95 48 
Circe 46 ou v(°) Pactolus 100 96 38 
Clemont 100 100 88 Parade 85 99 31 
Colonial Maid 65 100 85 Parthiena 100 99 25 
Convoy 100 100 TH Patrician 100 88 Ay 
Corona 56 100 86 Paul Rubens 100 100 78 
Cracker Jack 100 99 95 Persian Beauty 100 98 80 
Dainty Miss 100 100 32 Phantom Beauty 100 100 67 
Dauntless 100 99 80 Picardy 69 96 68 
Debutante 83 100 68 President Truman 46 100 57 
Devotion 85 100 61 Purple Supreme 100 98 Tl 
Dr. Fleming 69 100 TH Bed Ragle 89 9 78 
Drum Major 100 gL 78 Reliant 100 93 64 
Dusty Miller 100 100 Te Robert Koch 100 100 54 
Easter Parade 100 99 10 Rose Charm 100 100 25 
Eighth Army 34 oT 29 Rosette 36 100 89 
Exemplar 31 oT 39 Royal Opera ke 100 50 
Expanse 100 9ST gl Royal Pink 53 100 19 
Firebrand ob 100 66 Ruby 100 99 56 
Frilled Fragrance 84 100 86 Silentium T71 96 69 
Gaylore 100 99 Db Silver Wings 100 99 719 
Gen. Eisenhower 100 99 95 Snow Baby 100 100 29 
Gen. Patton 47 100 83 Snow Princess 100 95 81 
Genghis Khan 53 98 36 Spindrift 100 100 93 
Golden Gate TI 100 48 Bpitfire 100 100 gl 
Golden Ophelia go oT 51 Stardust 100 100 85 
Grand National 100 100 qT Stoplight 100 100 66 
Gray Sumit 51 100 86 Straussenfeder 100 97 73 
Hanny Shaft oh 100 86 Summertime 100 100 6 
Hawaii 100 100 78 Tablahneka 52 100 69 
Henri De Greeve 100 100 82 The Rajah 100 99 69 
High Command 47 100 89 Thriller 4e 98 Th 
I've Arrived 82 100 65 4g 88 35 
Jack Pot 100 97 80 Topflite 100 100 55 
Je Maintiendrai 100 100 63 Treasure I 33 9T 45 
Jan Steen 30 97 83 Tricolor 5h 100 80 
Jay's Joy 17 100 82 4o g2 80 
Jeannette White 100 100 ke Twilight Dream 100 100 87 
John Raffles 100 100 70 Uncle Tom 4 100 55 
Jo Wagensar 100 100 53 Uriah 100 100 81 
Joy Isabella 100 100 31 Valeria TT 100 94 
June Bells 100 100 55 Vanwhite 100 100 81 
King Click 57 100 72 Veecream 100 96 57 
King Tan 100 100 41 Victory Queen 32 100 41 
Klondike 98 78 Vincent Van Gogh 49 100 73 
Lady Boo 100 98 56 Violet Dream 53 100 53 
Lady Eve 100 a4 70 War Paint 100 100 53 
Lady Jane 100 98 47 White Butterfly 100 100 27 
Ladykiller 100 99 27 Will Rogers 58 100 61 
Lantana 100 100 70 Winter White 50 100 26 
La Paloma 100 99 89 Wisconsin 100 97 15 
Lavender Prince 100 100 68 W. R. Reader 5h 100 67 
Leopold Stokowski 67 100 58 Yellow Bird 100 10¢ 5 


8 Cormels inoculated by dripping in a spore-mycelial suspension at time of planting. 
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Taple Z. Susceptibility of gladiolus varieties to Fusarium corm rot and yellows® and to Botrytis? and 
Curvularia” leaf spots, 1956. 


Cormels inoculated with 


Variety Fusarium Botrytis Curvularia 
: Germi- : Infectedd: Germi- : Infected : Disease : Germi- : Infected : Disease 
nating : : natinge : : ratingf : natinge : : rating! 
Percent Percent § Percent Percent Percent Percent 
Atom 31 T2 82 68 2.2 66 67 1.8 
Beauty's Blush 7 & 14 57 1.0 12 100 1.6 
Carved-Ivory 29 78 64 70 2.6 64 78 2.6 
Catherine Beath 66 23 54 52 2.2 60 83 3.0 
Columbia 5 95 36 56 1.8 ke 100 2.8 
Dusk 38 65 60 70 2.6 76 87 2.8 
Early Purple 4 96 16 95 3.8 52 100 3-2 
Elizabeth the Queen 4 93 32 13 0.2 30 87 2.8 
Elmer's Rose 16 59 50 32 1.0 66 719 2.6 
Fire Opal 36 64 48 58 1.6 52 & 2.4 
Florence Nightingale 100 50 14 29 0.4 12 50 3.8 
Francesca ll 98 14 59 2.6 78 ge 3.8 
Friendship 8 89 10 0) 0.4 12 83 0.8 
Innocence 37 68 80 73 3-2 76 95 3.8 
Kerry Dancer 66 35 94 85 3-0 82 98 3-4 
King David 4 89 28 29 1.2 28 7179 2.2 
Leif Ericson 28 82 68 7179 364 50 96 3.8 
Little Gold 32 63 52 15 0.6 58 59 1.6 
Magnet 5 95 52 50 2.0 48 100 3.6 
Mother Fischer 31 82 68 88 364 68 82 3.0 
Orchid Frills lu 87 52 27 0.8 48 19 2.8 
Pactolus 7 16 3 53 2.0 36 100 3.8 
Pink Chiffon 17 4s 26 62 1.2 36 Coy 21 
Pink Diamond 3 ho 6 33 0.2 16 100 2.6 
Purple Burma 43 57 89 304 6&0 oT 3.4 
Recompense 1 100 38 47 1.8 34 he 3-6 
Rose Spice 18 68 50 60 1.8 ke 76 1.6 
Rosita u 76 30 68 2.0 24 92 364 
Salmon's Sensation 2 88 4 (¢) 0.0 6 100 2.0 
Sans Souci 29 1 60 57 2.2 52 100 364 
Sierra Snow 10 38 34 65 1.8 a4 100 2.4 
Snowdrift 19 85 62 39 1.4 TH ie) 2.0 
Snow-Clad 11 8h T2 Te 2.2 52 g2 3-6 
Snow Princess 7 8 30 27 1.0 20 TO 1.2 
Snow Velvet 5 69 48 83 3.6 36 as 1.8 
Southern Belle 5 69 8 25 0.2 6 100 1.6 
Spic and Span 5 8&9 16 13 0.2 18 yy 0.6 
Statuette 18 90 52 88 3-4 70 100 3-8 
Summer Queen 19 ge 60 3 2.2 54 93 2.6 
Sweet Sixteen 6 83 8 50 O44 4 50 0.8 
Texas White 13 88 58 72 3.0 54 85 326 
The Rajah 9 78 50 52 2.0 ky 82 3.0 
Wedgewood 5 91 20 20 0.6 ho 60 2.8 
Wild Rose 9 88 28 7 0.2 22 82 1.8 


Cormels inoculated by dipping in a spore and mycelial suspension at time of planting. 
Foliage inoculated by spraying with a spore and mycelial suspension of Botrytis and Curvularia, respectively. 
©Zach value based on 100 cormels planted. 
Cormels not germinating are assumed to be infected by Fusarium and are included in the percent infected. 
©Each value based on 50 cormels planted. 
f Bach value based on a relative scale of 0 = no leaf spot and 4 = maximum leafspot. 
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Twelve varieties, Elizabeth the Queen, Florence Nightingale, Friendship, Little Gold, 
Orchid Frills, Pink Diamond, Salmon's Sensation, Southern Belle, Spic and Span, Sweet 
Sixteen, Wedgewood, and Wild Rose, were rated low for Botrytis susceptibility and few of the 
plants of these varieties became infected. Of this group, however, only the varieties Eliza- 
beth the Queen, Little Gold, Orchid Frills, and Wild Rose produced enough plants to permit 
a good evaluation of their susceptibility. Too few plants of the other eight varieties emerged 
to permit a fair evaluation. The following varieties were extremely susceptible to Botrytis 
in this test: Early Purple, Innocence, Kerry Dancer, Leif Ericson, Mother Fischer, Purple 
Burma, Snow Velvet, Statuette, and Texas White. 

Only four varieties, Friendship, Gene, Spic and Span, and Sweet Sixteen had an average 
disease severity rating for Curvularia of 1.0 or less. Of these, only the variety Gene pro- 
duced enough plants to permit proper evaluation of resistance to Curvularia. As with Botrytis, 
there were many very susceptible varieties. Florence Nightingale, Francesca, Innocence, 
Leif Ericson, Magnet, Pactolus, Recompense, Snow-Clad, Statuette, and Texas White were 
very susceptible. 

Resistance to all three diseases is not controlled by the same genes. Kerry Dancer is 
resistant to Fusarium, but is very susceptible to the two leaf spots; Sierra Snow is resistant 
to Fusarium but is moderately susceptible to the two leaf spots; and Catherine Beath is re- 
sistant to Fusarium, moderately susceptible to Botrytis leaf spot and very susceptible to 
Curvularia leaf spot. Thus it would appear that gladiolus breeders should continue search 
for resistance to these diseases and use only the more resistant varieties in a breeding pro- 
gram. 


HORTICULTURAL CROPS RESEARCH BRANCH, AGRICULTURAL RESEARCH SERVICE, 
UNITED STATES DEPARTMENT OF AGRICULTURE, BELTSVILLE, MARYLAND 
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AZ 
MIMOSA WILT SPREADING IN SOUTHERN MARYLAND! | 


O. D. Morgan 


The mimosa tree (Albizzia julibrissin Durazz, ) is a familiar ornamental in the southern 
counties on the Eastern and Western Shores of the Chesapeake Bay in Maryland, It is valued 
as an ornamental and as a shade tree, with its graceful leaves and showy flowers. It can be 
found along the roadside and in yards of farm and city dwellings. Mimosa trees in Maryland 


FIGURE 1. A. Tree killed by wilt 1954. B. Tree dying of the disease, 
still has leaves on it. C. Dead tree after one year, shows bark cracking. 
D. Cross and longitudinal sections showing darkened wood with streaks and 
flattened bark on infected side, 


1 Miscellaneous Publication No. 281, Contribution No. 2763 of the University of Maryland Agri- 
cultural Experiment Station, Department of Botany. 
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have been relatively free of destructive diseases. However, during the last 3 years a wilt 
disease has killed a number of the trees. 

Fusarium wilt was first found in Maryland by May2 in 1947 in Silver Spring, Montgomery 
County. It was found again in early summer of 1953 in the town of St. Leonards, Calvert 
County. At that time it had attacked and killed a small tree, and before the end of the sum- 
mer it had killed two more trees nearby. In 1954 and 1955, it had spread to the trees shown 
in Figure 1-A and C. By the end of the summer of 1955 both these trees were dead, By 1956 
the disease had attacked and killed a number of trees on both sides of the highway that passes 
through St. Leonards, 

In 1954 wilt was found in the town of Hughsville, Charles County, where it killed two 
trees. In 1954 it was found along the highway between Clinton and Upper Marlboro in Prince 
Georges County. In 1956 it was found (Fig. 1-B) again in Calvert County along the roadside 
near Wallsville where eight trees along a fence row were dead or showing signs of the disease, 
There apparently is no connection between the areas of infected trees except that most of the 
diseased trees have been found in three of the southern tobacco counties. The only report of 
the disease from a location not in the southern counties is: that made by May”, There have 
been no reports of the disease from the Eastern Shore Counties, 

First symptoms are a stunting of leaves, wilting, then yellowing, and death of the leaves 
and one or more branches; finally the entire tree dies. On many small branches which show 
a one-sided wilting, the bark has flattened on the infected side, The tissue beneath the bark 
apparently collapses causing the bark to sink and flatten out (Fig. 1-D, cross-section), A 
solid brown color and/or brown to black streaks (Fig. 1-D) can be seen in the wood, 

Cultures of a fungus have been made from the vascular tissues from trees in three of the 
areas and all have shown a Fusarium associated with the disease, Observed symptoms indi- 
cate that the disease is caused by Fusarium oxysporum f, perniciosum Hepting3, 4, As far 
as known, there are no resistant mimosa varieties grown in Maryland, 


UNIVERSITY OF MARYLAND, AGRICULTURAL EXPERIMENT STATION, COLLEGE PARK, 
MARYLAND 


2May, Curtis. 1947. Mimosawiltfoundnear Washington, D. C. PlantDis. Reptr. 31: 326, 

3 Hepting, G. H, 1936, A destructive disease of the mimosatree inthe Carolinas, Plant Dis. 
Reptr, 20: 177-178. (Mimeo). 

4 Hepting, G. H. 1939. Avascular wilt of the mimosa (Albizzia julibrissin), U.S. Dept. Agr. 
Cir, 535, 10 pp. 
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1956 PLANT DISEASE SUMMARY FOR NEW MEXICO ~ 


Philip J. Leyendecker! and Roy M. Nakayama! 


Plant diseases in New Mexico were neither as prevalent nor as severe because of drought 
which prevailed throughout the growing season, 


1. Verticillium wilt (V. albo-atrum Reinke & Berth, ) 

a. Cotton (Upland): Wilt caused a 7 percent reduction in yield, amounting to 
22,466 bales. The percentage of infection in most fields was increased and the damage would 
have been more serious had it not been for the fact that wilt appeared late in the season, by 
the time a satisfactory boll load had been set. Losses were further reduced by thick spacing, 
a practice which is becoming generally accepted where wilt is a problem. 

b. Okra (Clemson Spineless): Wilt was prevalent in all plantings of okra in the 
Mesilla Valley. Losses varied from 25 to 75 percent. By the season's end the plants in 
most fields were 100 percent infected. Wilt was most severe where okra followed okra. 
Plants with large shallow-lobed leaves were the last to show wilt symptoms. 


2. Big bud (Galla australiensis Holmes) was found to be on the increase in chile and 
tomato fields. One infection as high as 5 percent was observed. When fruits were set on 
diseased plants they were irregular in shape, and colored very unevenly, forming yellow, 
green and red mosaic patterns, 


3. Curly top (Ruga verrucosans Carsner & Bennett) caused some reduction in plant popu- 
lations in most plantings of tomatoes and chile. Sugar beet leafhopper populations were much 
higher than in 1955. Heavy field seeding has helped to reduce the damage caused by the dis- 
ease, 


4. Mosaic (Marmor cucumeris Holmes) on chile was extremely severe in northern New 
Mexico. Most home plantings were a complete failure. This was especially true where 
weeds in adjacent fields and ditch banks were not controlled. As in 1955, it appeared that a 
cucumber and calico strain of the virus infected most plants. 


5. Virus (Unknown): This disease, first found in 1955, which resembled spotted wilt, 
occurred again in most chile growing areas. It was more prevalent in certain lines released 
by the College in the last two years. Evidence that indicates that the malady may be seed- 
borne is accumulating. Verification studies will be carried on in the greenhouse this winter. 


6. Yellows (Chlorogenus callistephi Holmes) was observed on fall lettuce in the Mesilla 
Valley. In most fields 1 to 2 percent of the plants were infected. The disease has now been 
found on fall and spring planted lettuce in about equal prevalence, which indicates that the 
vector is active during both periods of the year, 


7. Mosaic (Marmor lactucae Holmes) on lettuce also occurred in most commercial fields, 
Incidence varied from field to field depending, probably, upon the seed source. Several fields 
ran over 5 percent infection, 


8. Micro-ring or Scab of carrots (Long Imperator) was very severe in the Grants area, 
Both the scab and micro-ring phases were prevalent. Culls ran 15 to 20 percent higher than 
in previous years and from one to five carrots in each pound plastic bag showed varying de- 
grees of scab. Some growers were of the opinion that nitrogen sources, viz: sulfate, nitrate, 
ammonia, etc., had a definite effect upon the appearance of scab, This observation has not 
been confirmed, Repeated isolations from infected roots have produced numerous organisms 
which will be tested in the greenhouse. 


9. Phytophthora fruit rot (P, capsici Leonian) on chile occurred where the plants were 
large and the fields had been irrigated just before a spell of cloudy, rainy weather. Most 
green fruits were completely mummified in less than 48 hours. In fields where the green pods 


1 Department of Agricultural Services, New Mexico College of Agriculture and Mechanic Arts, 
State College, New Mexico, 
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had not been harvested the entire crop was destroyed, In contrast, the red, succulent pods 
were not attacked. The fungus also girdled the main stems at the ground line, causing com- 
plete collapse and death of the plants, It was common to find as high as 20 to 30 percent in- 
fection. 


10. Root rot (Phymatotrichum omnivorum (Shear) Dug, ) of cotton increased in preva- 
lence in the Pecos and Animas Valleys. Damage on any one farm was not severe but more 
farms were involved than in previous years. The infested areas ranged in size from 1/10 to 
1/2 of an acre. 


11. Rust (Puccinia stakmanii Presley) on upland cotton was more prevalent than in 
previous years, Many fields were inspected in the Mimbres and Animas Valleys where some 
plants had leaves with four or five large prominent pustules on them, No damage occurred, 
but the incidence seemed to be increasing despite the prolonged drought. Pustules were also 
found on six-weeks grama grass (Bouteloua barbata Lag.) growing in the immediate vicinity 
of some cotton fields. 


12, Seedling diseases (Rhizoctonia, etc.) on cotton accounted for a loss of 2 percent of 
the crop or7,000 bales. Replanting, two or three times, was necessary to obtain a satisfac- 
tory stand in the Pecos and Mesilla Valleys. Incidence of damping-off and sore shin was 
mainly increased because of the large cotton acreage which followed alfalfa, Many old alfalfa 
fields were plowed out and planted to cotton because of acreage allotments and poor alfalfa 
hay prices. 


13. Rosette (zinc deficiency) of pecan is becoming increasingly common in orchards 
planted on light, alkaline, sandy soils along the fringes of the Rio Grande Valley. Young, 2- 
and 3-year-old, orchards showed extreme leaf symptoms with the space between the veins 
turning reddish-brown. Spraying with zinc sulfate gave some control. However, soil appli- 
cations have proven more effective although the cost, for large plantings, was almost pro- 
hibitive. 


14, Fusarium wilt (F, oxysporum f. batatas) of sweet potato was quite severe in a 
commercial planting of the Kandee variety. The stand was reduced approximately 40 percent 
as a result of diseased slips from infected roots. 


DEPARTMENT OF AGRICULTURAL SERVICES, NEW MEXICO COLLEGE OF 
AGRICULTURE & MECHANIC ARTS, STATE COLLEGE, NEW MEXICO 
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DISEASES OF SOME EXPORT CROPS IN INDONESIA 


Frederic P. Hubert! 


ABSTRACT 


Diseases of economic importance for some export crops grown in the 
Republic of Indonesia are discussed relative to their severity and distri- 
bution and the methods of control practiced in the islands. The tropical 
export crops treated in this paper include rubber, tea, cacao, coffee, 
quinine, sugarcane, tobacco, and coconut, Pertinent information of the 
economic status of the crop discussed is also presented when available. 
Several serious diseases of minor export crops not treated in this paper 
are mentioned in the discussion, 


INTRODUCTION 


While a large number of excellent papers have been published on specific plant diseases 
in Indonesia (formerly the Netherlands East Indies) there is no one comprehensive work, at 
least in English, dealing with diseases of export crops in this island archipelago, The pur- 
pose of this paper is to list diseases of economic importance on such crops and to discuss 
some of the plant pathological problems existing in the new Republic of Indonesia, 

The main export crops grown by both the large plantations, either government or pri- 
vately owned, and the smallholders may include rubber, tea, cacao, coffee, quinine, sugar- 
cane, tobacco and copra, Table 1, compiled from official Indonesian statistics, shows the 
importance of the above crops in Indonesia's agricultural economy. 


Table 1. Tonnage and value of some crops exported from Indonesia inthe calendar years 
1950 and 1955. 


1950 : 1950a : 1955 : 1955b 
Name of Total exports Export value Total exports Export values 
crop : (Metric tons (Thousands (Metric tons (Thousands 
gross weight) of rupiahs) gross weight) of rupiahs) | 


Rubber 703,520 1, 297, 224 732, 710 4, 888, 018 
Tea 31, 539 102, 380 32, 710 354, 941 
Cacao 437 1, 063 398 3, 142 
Coffee 13, 729 56, 463 23, 565 181,917 
Quinine 2,466 6,044 1, 228 3, 789 
Sugarcane 2,430 1,313 176, 309 209, 577 
.Tobacco 13, 007 156, 707 13, 197 316, 321 
Copra 292, 414 218, 827 236, 528 402, 735 


4 Official value of Rupiah was 7. 56 to United States $1, 00. 
b Official value of Rupiah was 11. 475 to United States $ 1..00. 


RUBBER 


Rubber (Hevea brasiliensis (A, Juss.) Muell. Arg.) (Fig. 1). -- Ranking first among 
Indonesian agricultural crops as a producer of foreign exchange, Hevea rubber is cultivated 
in Sumatra, Java, Borneo, and East Indonesia, Leaf fall caused by Oidium heveae Steinmann 
is probably the worst foliage disease in Indonesia, but severe damage may be avoided by 
fungicides or by the use of resistant varieties, particularly clone LCB-870, which is highly 
resistant to this fungus. Unfortunately, while this clone is resistant, it is low in yields, For 
that reason it is planted only on a restricted scale. This disease is more commonly controlled 


i Formerly Plant Pathologist, General Agricultural Research Station, Bogor, Java, Indonesia - 
International Cooperation Administration, United States Operations Mission to Indonesia, 
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FIGURES 1 to 7. 1--West Java Hevea 
rubber grove under good cultural practices, 
2--Tea estate in West Java with shade trees 
removed to control blister blight. 

3--Coffee rust on underside of coffee leaves. 
4--Defoliation of Arabiccoffee tree effects 
py rust, 5--Rust-resistant coffee selections 
from India at Bogor, Java. 6--Rust-re- 
sistant Robusta coffee tree with heavy crop 
of "cherries." 7--Symptoms of "slow 
decline" on a clove tree in Central Sumatra. 
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by dusting with flowers of sulfur during the flush of growth, The pink disease caused by 
Corticium salmonicolor Berk. & Br. may be serious during the wet season when the pinkish 
incrustations can be observed on stems and branches, Good control may be secured by 
providing for air circulation, drainage and access of sunlight through avoiding too much shade 
and by proper location and spacing of trees, The pink disease is controlled by the use of 
acid-free coal tar if the infection is not too severe. The South American leaf disease caused 
by Dothidella ulei P. Henn, is not known to be in Indonesia or the Eastern Hemisphere, but 
the Ministry of Agriculture in long-range planning has guarded against the serious conse- 
quences of its possible entry by securing from the Federation of Malaya Agricultural Experi- 
ment Station at Kuala Lumpur a number of clones which are resistant to this highly dangerous 
pathogen, 

Black stripe or thread and canker, caused by Phytophthora palmivora Butler, may be 
found in low-lying coastal districts during the West monsoon or rainy season in Indonesia, 
Control is by the use of resistant varieties, thinning out or removing intercrops, improve- 
ment of drainage, and disinfection of tapping panels. Another serious tapping panel infection 
in Indonesia is mouldy rot caused by Ceratostomella fimbriata (Ell. & Halst.) Ell., found 
during the rainy season, While it is normally checked by a period of a few days of dry 
weather, carbolinium-base fungicides such as Izal may be necessary in particularly moist 
areas or during long periods of excessive rain, 

In Java Hevea trees are subject to a number of root diseases such as white root caused 
by Fomes lignosus Klotzsch, red root caused by Ganoderma pseudoferreum (Wakef, ) Karst., 
brown root caused by Fomes lamaoensis (Murr.) Sacc, & Trott., and stinking root caused 
by Sphaerostilbe repens Berk. & Br. Control of these troublesome and sometimes serious 
root diseases in Indonesia is by sanitary measures, which include removal and burning of all 
diseased trees. Trenching is often employed to isolate infected from disease-free areas, as 
well as to locate pathogenic rhizomorphs, 

The "bird's eye spot’ caused by Helminthosporium heveae Petch, and a leaf spot caused 
PestalotiapalmarumCke., are reported in Java as leaf diseases of nursery plants, but are 
not regarded as prevalent or serious, Die-back caused by Thyridaria tarda Bancr, (Botryo- 
diplodia theobromae Pat,) is a common disease of Hevea and is widespread as a saprophyte 
on cacao, The usual treatment is to remove and destroy the infected stem of the Hevea rubber 
plant but again this disease is not common or considered as dangerous, 


TEA 


Tea (Camellia sinensis (L.) Kuntze (Thea assamica Mast, )) -- Although current production 
has not yet attained prewar levels, for a number of years tea in Indonesia has been a main 
export crop, chiefly grown on estates. One reason for the decline in production has been the 
blister blight of tea caused by the fungus Exobasidium vexans Massee, Since the causal or- 
ganism was first identified in 1949 from specimens taken from North Sumatra, the blister 
blight has been epidemic in its spread and without question is the worst disease of this eco- 
nomically important crop. The best- methods of control have been the removal of shade trees 
in plantations to permit more sunlight on the tea bushes (Fig. 2), proper spacing to allow free 
air circulation, and periodical treatment of tea plants with copper oxychloride either as a 
spray or adust. While the removal of shade trees has been a successful method to control 
blister blight, it is reported that in some cases the incidence and damage of the tea insect 
pest of the genus Helopeltis has increased as a result of this disease control measure, 

A second serious leaf disease of tea in Indonesia is "red rust'’ caused by the alga Ceph- 
aleuros parasiticus Karst, which may follow the leaf attacks of the tea insect pest Helopeltis. 
In addition, “red rust" may be very serious on stems and require control measures such as 
pruning followed by spraying with Bordeaux mixture. Vigorous tea bushes do not appear to 
suffer from attacks of this parasitic alga, It is reported that the stem disease, velvet blight, 
caused by Septobasidium spp., may be severe enough to kill tea plants, While these fungi 
live symbiotically with scale insects, they are reported to penetrate woody tissue and in some 
cases kill the stems and branches, The most successful control in Java has been to cut out 
and burn the diseased material. Repeated spraying with soda-copper solution is also effective. 
Pink disease caused by Corticium salmonicolor is both common and severe on tea bushes in 
Java and Sumatra as stem incrustations and canker, This disease is normally controlled by 
pruning of the infected branches, followed by a Bordeaux mixture spray. 

Tea is subject to the attacks of a number of root rots in much the same way that Hevea 
rubber, coffee, and cacao are affected. The rots include such diseases as black root rot 
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caused by Rosellinia bunodes (Berk. & Br.) Sacc., white root rot caused by Fomes lignosus 
Klotzsch, and the root splitting disease caused by Armillaria mellea Vahl. Such diseases 

are often called "stump rots" since they frequently originate from stumps of earlier forest 
trees on cleared jungle lands. These stumps with the root-rot fungi become centers of in- 
fection in newly planted estates. Stump rots also can originate from dead shade or inter-crop 
trees left standing in the older plantations, Control measures include the removal and burn- 
ing of dead and diseased trees and stumps as well as trenching to isolate infected from dis- 
ease-free areas, 


CACAO 


Cacao (Theobroma cacao L. ) -- The estate cultivation of cacao is practically confined to 
Central Java in the north coast districts, Cacao is also planted as an intercrop in the Celebes 
coconut regions where it has proved to be satisfactory to the farmers as an important second- 
ary crop. One of the more important diseases is "dieback'', caused by Diplodia theobromae 
Nowell which has a world-wide distribution, The fungus appears to be more destructive on 
cacao trees suffering from insect pest attacks, root rots, or adverse soil conditions. Healthy 
trees are generally not attacked by this weak parasite, and it is recommended that trees be 
kept in a strong condition to avoid dieback. However, once present, the disease is controlled 
by providing for good aeration and drainage of the grove and building up the fertility of the 
soil with manures and vegetable mulches. Sufficient shade from the sun and use of light soils 
are desirable for good culture. The pruning off of dead and dying branches is recommended 
as a control measure in the dry season, 

Black pod rot and canker caused by Phytophthora palmivora is probably the most destruc- 
tive disease of cacao in Indonesia, although the disease varies in intensity from year to year 
depending on the duration and amount of rainfall, Protection of the pods after the crop has 
set is sometimes successful by using Bordeaux mixture spray, Early collection and destruc- 
tion of cacao pods showing the first signs of the disease is desirable. In the canker stage of 
this disease the best control advice seems to be to avoid too close planting and to allow for 
sufficient drainage and air circulation in the grove. The shaving off of the outer bark of 
cankers down to the cambial layer is sometimes recommended, Unfortunately, Criollo, the prized 
variety of cacao, and Forastero-Criollo hybrids are susceptible to the Phytophthora canker 
disease, 

The "Proefstation der Centrale Proefstations Vereeniging, "' a private research station 
for estates which is located at Bogor, Java reports that "luwaks" (Paradoxurus hermaphrodi- 
tus Pallas, small ground squirrel-like animals) are serious pests of cacao fruits. On some 
Central Java plantations considerable damage is done by these small animals that destroy 
only the choice ripe fruits, There does not seem to be any satisfactory control for these 
animal pests, which are also troublesome in coffee estates, 

It is interesting to note that the witches'-broom disease caused by Marasmius perniciosus 
Stahel-is reported as occurring in Java, in an unprocessed publication issued at Bogor in 
1943 during the period of Japanese Occupation. However, this is evidently erroneous, as no 
confirmation can be found by the writer that this fungus occurs in any part of Indonesia or at 
this date in the Far East. 

Black root rot caused by Rosellinia arcuata Petch and red root caused by Ganoderma 
pseudoferreum are two troublesome diseases in Indonesia on cacao, The latter disease, which 
is known as wet rot in Malaya, also causes severe damage to coffee, rubber,.tea, and green 
manure crops. Controlis attempted by sanitation measures and cultural practices as previously 
discussed for control of root rots of tea and rubber, 


COFFEE 


Coffee (Coffea spp. ) -- Coffee in Indonesia is produced by both small landowners and 
estates, either private or government owned, over a wide area including Sumatra, Java, Bali, 
Lombok, Timor, and Celebes, which are primary sources, While prior to the 1870's Coffea 
arabica L. was intensively grown in the islands, especially Java, at the present time this 
species is strictly confined to a few areas with elevations over 3000 feet. At such elevations, 
mainly in Java and Sumatra, C, arabica can be grown relatively free from the devastating 
effects of the leaf rust caused by Hemileia vastatrix Berk. & Br, (Fig. 3, 4). Following the 
leaf rust epidemic of the 1870's, which almost exterminated the Java coffee industry, C., 
liberica Hiern, was introduced but it also was gradually affected by this pathogen, Finally 
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about 1900 C, canephora Pierre (C. robusta Linden) was secured from the Belgian Congo and 
has proved ‘to be ideal in its resistance to Hemileia vastatrix. The price for this rather 

bitter tasting coffee is lower than for C. arabica, but the high yields of C. canephora, twice 
that of C. arabica, have proved to more than compensate for this low price. The Indonesian 
Ministry of Agriculture in 1954, with the joint assistance of the International Cooperation 
Administration and the Agricultural Attache, H. V. (Jack) Geib, American Embassy, Djakarta 
secured seed of rust-resistant selections of C, arabica from India. These selections from the 
South Mysore Coffee Research Station appear to be promising for cultivation at lower altitudes, 
(Fig. 5, 6). 

While the leaf rust of coffee is probably the most serious plant disease affecting the coffee 
industry in Indonesia, the coffee tree is attacked by other diseases, including the pink disease 
caused by Corticium salmonicolor which may result in serious damage to coffee plantations 
under adverse growing conditions, Root rots, particularly the brown-root disease caused by 
Fomes lamaoensis, are especially important and cause considerable losses yearly on the 
estates. Control of the root disease is the same as previously described for Hevea rubber 
and tea -- mainly cultural and sanitation practices. 


QUININE 


Quinine (Cinchona spp, ) -- It is reported that prior to the advent of World War II, 90 per- 
cent of the world's supply of quinine came from Indonesia, Practically all cinchona was 
cultivated on estates, principally in West Java and Southwest Sumatra, As a result of the war 
with the following period of revolution, as well as of increased production of a number of 
synthetic antimalarial drugs, both the acreage cultivated and the amount of quinine exported 
have decreased sharply. Diseases of cinchona have also accounted for this decline which is 
important to the Indonesian agricultural economy. Cinchona ledgeriana Moens (C. officinalis 
L.) and C. pubescens Vahl are the two species of quinine found in Indonesia. Actually Cc. 
ledgeriana was grown in Java from seed of the Ledger variety of C, officinalis L. taken there 
from Bolivia. Since red cinchona, C, succirubra Pav. (C. pubescens Vahl), is resistant to 
root rots, it is used as a root stock, The taxonomy of the genus Cinchona in the Rubiaceae is 
very confused, 

One of the most serious diseases of cinchona is the stem canker (Dutch "stam kanker") 
caused by Phytophthora palmivora, This disease is also known in Malaya as stripe canker, 
The development of cankers on the tree trunks and branches is normally followed by chlorosis 
and loss of the foliage of severely affected trees, Sanitation measures such as removal and 
burning of diseased trees and cultural improvements including drainage are recommended for 
control along with the use of resistant varieties. 

The pink disease caused by Corticium salmonicolor has also been a problem on cinchona 
in West Java and Sumatra and, as mentioned above under rubber, tea, coffee, etc., is wide- 
spread and often causes serious losses by attacking the trunks, branches or twigs. As pre- 
viously explained control in Indonesia is mainly through cultural methods or sanitation, 

In the cinchona seedling beds the "mope" disease, caused by Rhizoctonia solani Kuehn, 
is considered the most damaging. Because of the heavy shading of the seed beds, 
mycelial mats may develop on the seedling stems and kill the plants, particularly in the wet 
monsoon period, Control is secured by providing for good drainage and aeration of the bed, 
accomplished by the necessary proper spacing of the plants to avoid overcrowding. If correct 
cultural methods are employed, the 'mope" disease need not be serious. 

Root diseases, such as are found in all estate crops like rubber, eacao, tea, coffee, etc., 
may be troublesome on cinchona, particularly in recently cleared jungle lands or neglected 
plantations, The black root rot caused by Rosellinia bunodes Berk, & Br., the root-splitting 
disease (Armillaria mellea), the brown root rot (Fomes lamaoensis) and the red root disease 
(Ganoderma pseudoferreum), are all reported in Java as root diseases of cinchona, Control 
for the "stump rots’ is the same as discussed under rubber and tea. 


SUGARCANE 


Sugarcane (Saccharum spp.) -- Prior to World War II sugarcane in Indonesia was one of 
the most important as well as the oldest export crops, Metcalf shows an annual average pre- 
war export of 1,186,000 metric tons between 1937-39, whereas in 1950 the export tonnage 
dropped to only 2,500 metric tons as the result of war damage to sugarmills, conflicts with the 
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Dutch, and labor difficulties. While sugarcane was formerly considered an estate crop, it is 
now grown on an increasing scale by the smallholders, Cane culture is centered mainly on the 
island of Java in the Central and east sections but the crop is grown on other islands of the 
archipelago having favorable conditions, 

Sugarcane culture in Indonesia has long been beset with attacks by a number of diseases 
of bacterial, fungal, or virus nature. Fortunately excellent results in the development of 
disease resistant varieties have been secured at the ''Proefstation Oost Java" located at 
Pasururan, The famous "P.O.J." varieties indeed saved the sugarcane industry in the United 
States of America from ruin in the 1920's when mosaic invaded Louisiana, The variety P.O. J. 
-2878 developed at this research station operated by the private estates not only is resistant 
to practically all diseases but also is a high yielding clone, 

Mosaic (Marmor sacchari Holmes), which now has practically a world-wide distribution, 
was found in Java in the early 1890's. However, the virus disease ''sereh"' (Nanus sacchari 
Holmes), according to Abbott, was noted in Java ten years earlier, in the 1880's when it ap- 
peared in epiphytotic proportions, Control of sereh, known to occur in Indonesia on the 
Islands of Java, Borneo, and Sumatra, is by use of resistant varieties such as P.O. J. -2878, 
etc., culture at altitudes of 300-600 meters in light and well-drained soils, and the standard 
hot water treatment of planting stock at a temperature of 125, 6° F for 20 minutes. 

The bacterial gummosis or Cobb's bacterial wilt due to Xanthomonas vasculorum (Cobb) 
Dowson is reported as causing some losses in Java and Borneo, Gummosis may be transmitted 
through diseased planting stock and by the use of non-sterilized cutting knives of workers 
moving from infected to disease-free fields. Again, control is secured by changing to varie- 
ties resistant to gummosis and of course by sanitation measures. Another sugarcane disease, 
red rot caused by Physalospora tucumanensis Speg. (Colletotrichum falcatum Went. ), was 
described in Java in 1893 and since has become one of the widest-spread sugarcane diseases 
in the world, The extent of red rot damage in the field may depend upon the amount of injury 
caused by sugarcane borers, Control in Java is by use of varieties resistant to red rot, the 
selection of clean planting stock, and sanitation measures. The "pineapple" disease or "black 
rot" of sugarcane, caused by Ceratostomella paradoxa Dade, is so-called because of the 
characteristic odor associated with rotting canes and has long been known in Java, Control 
has been by the use of protective fungicides, According to Abbott this disease becomes more 
severe when the cane is planted in too dry soil, 

"Pokkah boeng", a Javanese term meaning "broken short", is a top-rot disease caused 
by Fusarium moniliforme Sheldon (Gibberella fujikuroi (Saw.) Wr.). It is widespread in Java 
and occurs in many of the other sugarcane producing countries of the world. In Java it may 
become a problem during the wet West monsoon period if the rains are prolonged. Fortunately 
the use of resistant varieties controls this fungal disease, The yellow spot of sugarcane 
caused by Cercospora kopkei Krueg. is reported as occurring in Tjirebon and Pekalongan in 
the north coastal area of Central Java, The use of healthy planting stock and sanitation prac- 
tices are control measures in use, 

The "Fiji" virus disease of sugarcane is known to occur in nearby New Guinea but has not 
been reported at this time in any of the Indonesian islands, Chlorotic streak (virus), first 
described in Java in the 1920's, issevere on cane grown on poorly drained and heavy soils. 
Despite the above diseases and a. number of others of less importance the yield in Java runs 
over 40 tons per acre according to Masefield, probably the highest in the world. 


TOBACCO 


Tobacco. (Nicotiana tabacum L,) -- Prior to World War II Indonesia held second place as 
an exporter of tobacco in the world market and fifth as a producer among the tobacco-growing 
‘countries. At the present time, because of war damage, labor troubles, and changes in 
governmental policy regarding estates the former high rate of production and large exports of 
tobaccos from Indonesia are not expected, The Republic of Indonesia, with its serious prob- 
lems of overpopulation and under-production of food, has decided that the high export of tobacco 
should be sacrificed in order to provide land and food for the people. 

While Indonesia cultivates both the "Virginia" cigarette and the cigar tobaccos, the Deli 
cigar wrapper in Northeast Sumatra and "Vorstenlanden" in Central Java are the best known. 
The Deli variety grown around Medan, Sumatra is definitely one of the finest cigar wrapper 
tobaccos in the world, Tobacco is grown in many of the islands but the centers of production 
are Sumatra, Java, the Celebes, Bali and Lombok, The native tobacco, 'Krossok", is grown 
in many parts of the archipelago, In the Jogjakarta and Surakarta areas of Central Java 
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"Virginia" tobacco is now being grown due to the high local prices on lands formerly used 
for the Vorstenlanden cigar varieties. 

Diseases observed by the writer included black shank caused by Phytophthora parasitica 
var, nicotianae (Breda de Haan) Tucker on "Virginia" varieties and frogeye caused by 
Cercospora nicotianae Ell. & Ev. on both Virginia” and "Vorstenlanden" tobacco, Severe 
infections were noted in the case of both diseases. Control measures in use in Java included 
crop rotation, spraying with Bordeaux mixture, selection of disease-free plant stock, and 
use of resistant varieties. Granville or bacterial wilt caused by Pseudomonas solanacearum 
E. F. Sm. is probably one of the more serious diseases of tobacco in Indonesia, owing to the 
widespread distribution of this bacterium, This disease is usually known by the local name 
"slime'sickness". Control measures against it are use of resistant varieties, use of lime, 
crop rotation, or planting for a 7-year period with Mimosa invisa Brown, a tropical legume, 

The powdery mildew caused by Oidium tabaci Thuem, may result in serious losses in 
tobacco areas during seasons of excessive rainfall. One control measure consists of dusting 
the diseased plants with flowers of sulfur. "Black leg and hollow stock", reportedly caused 
by Erwinia (Bacillus) aroideae (Towns. ) Holland, is listed in an unprocessed publication as a 
bacterial disease of Java tobacco, 

Other diseases include the virus diseases common tobacco mosaic (Marmor tabaci 
Holmes) in Java, tobacco leaf curl or "kroepeck" (Ruga tabaci Holmes) in Sumatra, and the 
tobacco ring-spot (Annulus tabaci Holmes) in both Java and Sumatra, In seedling beds during 
the rainy season losses of young plants may be very high due to attacks of ''damping off" fungi 
(Pythium, Rhizoctonia, and Sclerotium), Heavy damage was reported during 1955 in the 
Jogjakarta-Surakarta area of Central Java due to these fungi and excessive rainfalls, Normally 
control measures such as intensive spraying with Bordeaux mixtures and good cultural prac- 
tices have been used in this area, 


COCONUT 


Coconut (Cocos nucifera L.) -- While the coconut tree has a number of insect enemies 
in Indonesia, it is rather free from the ravages of plant diseases in this archipelago, The 
relative lack of plant diseases may be due to the fact that the climate and soils are ideally 
suited to its culture. Before World War II Indonesia was considered to be the largest pro- 
ducer of coconuts and only second to the Philippines as an exporter of copra (Metcalf), The 
war resulted in a demand for other foodstuffs and brought about a sharp decline in coconut 
culture, Since the war the Copra Foundation, a governmental agency, has been making strong 
efforts to revive this coconut industry, Coconuts are produced throughout Indonesia, but the 
culture and production of copra for export is centered in the Celebes, Moluccas and Lesser 
Sunda Islands. Sumatra and Borneo also export copra, but Java with its heavy population con- 
sumes its production, Cultivation of coconuts and production of copra is almost entirely by 
farmers or smallholders. 

The very serious 'cadang-cadang" disease of unknown cause has never been reported in 
Indonesia. However, it is present in the Philippine Islands to the north of the Celebes. 

While Indonesian workers from the General Agricultural Research Station at Bogor, Java, 
have wisely studied the symptoms of this disease in the Philippines, it is not known whether 
planned surveys in the northern Indoesian Islands have yet been conducted, 

Bud rot caused by Phytophthora palmivora is probably the most important of the coconut 
palm diseases occurring in Indonesia, Considerable loss has occurred in Java and other 
islands, Control is attempted through systemic inspection of groves and the condemning and 
burning of infected trees, Unfortunately many smallholders pay little or no attention to their 
coconut trees except at times of planting and harvesting the nut crop. Other control measures 
for bud rot include wide spacing of trees in the grove, and in Java the stopping of the prac- 
tice of interplanting the grove with cacao and papaya trees. Leaf blight caused by Pestalotia 
palmarum may on occasion be serious, particularly in nurseries or on newly planted trees. _ 

Physiological effects resulting from drought can cause damage or loss of trees, varying in 
locality and from year to year. The drought effects usually occur in the extremely dry season 
just prior to the arrival of the West monsoon rains, Unless the drought is prolonged and 
unusually severe, recovery is normal after the beginning of the heavy rains. 


DISCUSSION 


A number of export crops grown in Indonesia other than those included in this paper have 
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not been covered because of time and space limitations, inaccessibility of the crop and re- 
ported disease, or need for further study of the crop and its particular diseases. However, 
for many such crops and their diseases, the Dutch scientific publications contain numerous 
excellent papers written in the prewar period. More recent reports of disease studies made 
by Dutch and Indonesian workers in the Ministries of Agriculture and Education, appearing 

in the Dutch or Bahasa Indonesian languages, are often accompanied by summaries in English. 

Some of these additional and so called "minor" crop diseases are of outstanding importance 
and interest. Two such cases are given here. The "yellow disease" of pepper (Piper nigrum 
L. ) of unknown cause is of tremendous importance on the island of Banka off the east Sumatra 
coast. Considered by some workers to be caused by a nematode-fungus complex, this dis- 
ease is slowly killing off the pepper industry. Where 22 million pepper "trees" once flour- 
ished on the island of Banka, in 1953 it was reported that only 2 million remained, 

Another export crop, the clove (Eugenia aromatica O, K.), is oftenaffected in Central 
Sumatra by a disease known as "slow decline" (Fig. 7), Fungus cultures made by the writer 
in the field from roots of infected trees indicated that a species of Phytophthora was the 
causal organism. Dr. J. Reitsma, in an independent study of the disease, found the same 
fungus. However, since other workers have found parasitic nematodes in the soil around 
clove trees affectedwith "slow decline", it is believed that the disease very likely is also 
caused by a nematode-fungus complex, One fact established by the writer was that the symp- 
toms of ''slow decline" seen in clove tree foliage were often not present until the disease in 
the root system was well advanced. This disease, with its slow but persistent spread, is 
threatening the clove industry of Central Java, an important source of income for that region, 

It should be emphasized that in Indonesia measures used for control or prevention of a 
specific disease of a crop may vary tremendously from island to island or even in the same 
island area, This variation in control measures included treatment with the latest fungicides 
at one extreme and only sanitation measures of secondary value at the other, Variation in 
control measures seemed to depend on a number of factors, including the value of the crop, 
the education and training of the individual farmer and smallholders in a particular area, the 
effectiveness of the government extension worker in disease control, available capital and 
credit, and finally, availability of dusting and spraying equipment as well as of fungicides. 
The private estates, with their highly trained personnel, independent research station, avail- 
able capital and credit, and background of experience, normally used the more modern 
methods and had the more successful disease control operations, 

During the period 1953-1955 the fluctuating and often low value of the Indonesian cur- 
rency coupled with import restrictions sometimes resulted in unfortunate shortages of 
fungicides and applicators which necessarily influenced disease control operations on various 
crops. In the absence of such equipment small farmers effected disease control by cultural 
and sanitation methods, or the use of varieties resistant to specific diseases. 
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CORRECTION 


December REPORTER, article by E. M. Hildebrand et al., pages 1097-1101: 
On page 1097, in the tabulation of infection classes, the class values for Classes 3 and 4 
are listed incorrectly. For Class 3 the value should be 5, for Class 4 it should be 10, in- 


stead of 3 and 4, respectively, as given. 
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The terms used in the accompanying maps, which define the r 

precipitation, are numerical class limits. These are based on a pone cache ony on 
records through which is determined the normal frequency of occurrence of temperatures and 
precipitation at various times of the year for different locations. For temperature the classes 
above, below. and near normal are so defined that they each normally occur one-fourth of the 
time;.much above and much below normal, one-eighth of the time Precipitation is depicted 
in terms of light, moderate, and heavy, each class normally occurring one-third of the time 
and thereby having equal probability of occurrence. These meps graphically represent only 
the general trends and give the country's weather picture at a glance. For quantitative studies 
where monthly mean temperatures and actual precipitation records are needed for a given tine 
and place, other publications of the Weather Bureau should be consulted. P. R. M. 
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